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A, INDIN RBEPEL ILLUN

A considecable amorat f bime pud cfivert haz bean rrsnt
in preparing apparatas Tor “irparteanta t4 be cindustsd iy
Dr. M. &, Pomerantz in the :illmalayan Hovatzina in India ernd
in radiosonde Ylights in th:na looationes, Dr. Pomerantz 1a
at present on route o ladi- undei tha gunplces of a Fulbright
Award, He has with him ancugh of $he eculipuent to commesrce
oparationg and furthuay ojquli:aent ia belrg sent %o him,

The gensral nature of =hig work Gomprines measurements
at high altitudes of thu primary cognie roy intensity utillzing
- GQelger countar Lechnique n doazerlbed in earlier reports sud
utilizing also, as prrt of “he equipsent, kigh-pressurs
ionization chambers Jdsev’ 1ed by Dr. G, W. Iollure and sontiollod
by the Geigor counters cloremald. It will bs recalled that
Dr., MoClure’s lonizailon ol coers ave el sady hoon Lastsdl  and
uged by him in connection w.th Tilchts w2 In poley ez’ ong,
The purpoga of these abuord .tlons is, of courss, Lo ans ialpnts
batwaen ths Qa?ieus kirag of ineo lus prlaordes, with oirdl-
cular emphasle on the Aelsrsinabic: ol ©in sepnsobioles oo nanent.
To the sams end, some plisbo raphis »plakns wild b fiuﬁno

In additicn to the for»galay ohasasgeriiong, kb2 preog-om
ineludes wspsuramsnta of nmaubron indonal ty with boyon--Lrifluoriads
gountare &b various groc.d sl ditwdos s as sra ohiztoable

i the Hiralayen HDovntsiaa,
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B: A DEDERNIGATY -0 OF -BRSOIROT RESE LU0 MR AND A
WERAPYCAT LGN O WHE IRIATAVISI G FBXPRESSION PR

VARYAWTON O LI TME WINPT MOMENDUN

In the Firsi% Arnnual Report referens: wasz mads <3 2n
axparimant which, &t that size, had bsen completsd, und
vongarned witii az investigation dsasribad in the titls,
A aopy >f the genpleted paper <n This metter, which has
been ssnt in for publicatfor, ias appgnded %5 this Rspori.

L oF COLLABORATION IN THE EXPEDITION TO GREENIAND S5FONSORED
BY THE OFFITE OP NAVAL RESEARCH

Four thre¢-prund packsts of nuscliser =mulsion vwers prepared
Tor the balloon flight and dsliivered by lir. Doralld Fanr g
it. Brickson, Alr Yraffic ldaison Offisers, Westover Alr Fores
Baae, on July 28, 19%2. Th# consiructisn of a typical pasket
i3 shown in the acoomparying figure. Ths psske®ts wir: Lrranged
tc shtain as mush data a3 Hrasiisable soaserning par Givies hAving
& 3herge 2 D 2 in the ;rimexy sosmic radistion a® rkigh magnatis
latitudes, Instrustisns waxs given to fly one packs% sk 28¢h
af the four prejached Tilghts, in the inzereats of maxiiaum

apportunity far rscovering some smulsize meierizli.

Th: packzsis consiswed of peiras of £€" ¥ 6" platis coavod wity

thick sensitivs ard irasus’tive emalsicrs. Tas smirisicn surtec:

Farn gepurated by paper sracsrs &% the side and wsrd he I3 fipmlo

-
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SCHEMATIC REFRESENTATION OF PLATE ORIENTATION IN 4 TYPICAL PACKET



A,

togather by » bauad oF presile Baps novndl BhE pdany baeaiiopgs,
Threoe pates of pleboe ver coslossd In ensh box, aspps.bed fa

a grooved framework of belse wood, The puarposo of chig feoma..
Worl: was to insurs that cesh palr be axposed oo thel a meawirabla
trask in one pair of plates gould nobt have pssged bhrougl. sy
other palr, thus incssasing the number of Lndependent obuurvablonsg
avallable for dstermination of the flux., Po establish the wvalue
of the ohargs of a heavy primary, it is nessssary, in genceral,

to obaserve the trguek over & length greater than 3 ums in the
emulsion. Thus only those gracka which lia near to the plars of
the emulsion are ussful in dstermining ths sharge disrtilbution of
the flux.

The plates used in makiag up the pairs wers Ilford G35, H00u
end 600 and Ilford G2, 200, There weres alas aonia Eastmen Kodak
NTB3 plates 2501, 6% X 8. The purposs of the insensitiva C2 platas
is to permit a bstter measurcomsnt of the more heavily ilonizing par-
tloles. The arrangsmnent a&llows a thresefold measurement to bs made
on eash trasks 1.) 5 =ray gounts are made in the slegtror sensitiva
enulsion, 2) graln density measuremnent is mada on the portion of
the track which appears in the faging insengitive emulsion,

35 sulbiple coniowb scabborling and, in gomy Gages, rangs dsterming.
tions are made to establish the veloclby of the particie. From
these mesgurements the sharge ean then he {utermined,

An "emulsion cloud chambar® gonsisting of 48 Eaziwmen pallicles
wag Inoluded in one of she pasitebs, Tas polilicles worw

1° X 9 X

3

503 rensitive and insensibive emulolons voera tntop-
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A 8 ety o cowt e o Lo, prsaling Bhiougk su Anbervantus
glana  basling,  The ndrantogn of this arvangorent ie that
Fla paicblole meed Lol Bae L &ny partlicular ploana to allow
avteradve measuyomend of G e Aenlzation. The dipadventage is
AT oul by An Aneweln:: unlform aavelopment throughoui the

8 amulslons, so that Jondentlon neamidenencs san be made
sompairable An acouwiaey %0 Shose in Lhe plateg,

Two of the four projacted flighis were sucsesaful, one
remaining at %0,000 feat for thees hours. The aquipment dsacended
by parachute in ous case to Ellasmers Island and in Ghe other to the
dresnland icecap. Unfortunatzly, in both cages, adverss waather
sonditions prevented ragovery of the plates. There is somse
possibility that tne paokages m3y be salvagsd in the spring,
and a reward of $100 has been posted by Dr. Marsel Schein.
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Ao INSTEUMENTATIONM Akl S50pos BUCLEAR HEACTICHS
REIATING TO TUE YAN DE CRAAFF GENERATOR.

For the first part cf the report-yesar the oparation
of the small Van de Greaff wes Teirly satisfastery, and
fome progress wes mede in measuring the total neutiron
ontdering oross sections of soms of the ellements. In
izhe @ﬂ?ly spring sevsrai Alfficultiss daveioped whick
sulminated in the complsis failuwre of the arc-itypa ion
sowrss due o poilzoming of tha filamant. Soms time was
apant tryinz to find thz ssurce of ths trouble withous
suegsss and finally an 37 don source was installed in ths
axisting head. Thiz improvad the situation but saver:l
lesks in the vacuum tube and an inability to foous tha
bsam above 40D Kv prevented spsration. A new hsal was
installed with highar fonvairg voltege suppliies, new
fosvaing eleotrodes waeys Jratsalled and trs lsaks wers
praduwlily found and cwrzd, and by late sunmex the geriswaidi
ves bask in operstiolo

Ths EF isp sgcurse @x& of Wi type dovelosped “n ~als

iaboratory by Seann and Swingie and used in the largs



Vap G Sr@sll ganerator.  Sle Snouging olonloais spsswb.
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BT the high voltnge ~'=oicode hkd 2o b potd T3ad baosune

the smaller diamsitex «f %he tubs., It vhe rinel foousivg

7:
)

amambie blam diadaen odd
B ALY Lk LR YO DIEELT

# CLeULIDUe, wiw Ligh voilags eiec-
trode and the firs{ tube elegtxode are all the sams diameier,
The naw head, which wers designed forr ruggedness, com-
mictnass and sonvenience of servicing, hex nlirmf i%s com-
ponen%a mounted on four plates which ars assembled ous
ahove the other with speaer roiz. The bbtt@m plate sunpPOiIts
the balt pullsy and the high voltage elscirode amd is eon-
nected to the high woliazs focusing elesstrode. This plais
is elmsotricaliy insulated Irom the second by lusite rods
and a rubbsr V-bslt whica 4rives th§ 400 ocycle gensrator.
The sacond plate contains the 400 oycle gensrator, ths
oscillatar, ths ossillatsr power supply ard the blowers alil
2f which are complets units and can be seraratsly removed
from‘tho plate. Originmliiy, the second plsis supported an
aluminun slsctrole which shieldsd the uppsr piatess from ks
aigh voltags electrode but this was fourd unnecessary. The
Third end fourth plates sre bavk to beck, the third suppuris
tha sontrol verisce and ths pelledium Jlssk end the sesosisied
vaouum system, the fowrth is $vs chmssis For tas 30 Ky Ffocus-

ARg EUPPAY. the 10 Kv focvwing suppiy #nd the probs wmrpniye
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cqbivn DeAd €8I DA SUHOY 53 Wadkols cpsoiny LU Wi ve .

Tha podacnipe 67 the T 0ewmand io fhe oo mowess anid
the alegging of the 20 wll hoie in the first RF souras in-
ticeted that the sourase uf the etntamination was the vacuum
fubs. We tried to reduce this effest with & dry ilce-gcetons
cold trap in the main veguwm system #nd lerger diameter
pumping lead between th& Aiffusion pamp and the fore pump,
The sapillary in the RF source =as enlarged to 40 mils;
+hese two steps cured the contamination trouble.

Several chainiges and improvemsntz hava bsen made o
txy t92 improve the stabillity of the gensrator., Elsatro-
statisc deflectors have hesn instslled in the vasuum tubs
+5 genter the beam on tie analyzing magnet. New sonnacicors
between the trus elestrodss and ths rings have basn installsd.
Tha target end of the vegcuum tube has bsen completsly xabuilg
end a small diffusion pump adéed at the terget. The coroma
stabiliger system hes been overhauled and & Sszigyn driver
rroba has been installed,

Or the long term besis 8 naw masgnst box is bsing da-
gigned which will incorporate two 388 of Yeam definicgy
£lits and a t@rsi@n balgnce s8¢ that the magnet cesn be useg
&3 an Inergy analyzer. The toraion balanse is under oon-=
gtrussion., Ths paris frr & new tube are gomuleted, and will
Yz sssembled in the nesl intuve: the neiw tube wilil be iu-

stalled wher She sisuatiqrn wayxranss G-




gestle oo done EIARCRELST D Deann s mitheatad

e .
I s B - L P T I A A T
vy 40 oo bgdasegdte s et wig tos S g wilie
"v:l! W
G2 93¢
¥ Ly ¥y S P SR e ATy e . 2L .3 ey R
[} Eé;, Do EERELONIT iR ey R R N J LA P t» L AR T L

tae Hg(ip?n),‘? X@ﬁ Wnssheld st U 1Y Fev. 4 ssasvwe 9f the
QANrIy anrepd v che heas:: roe dekeruines Foom the hais
widthe 01 thxy pagonunsd Hesire And must Ly ieas then Z Fy,
“ae RP lon aourca hmg given & uAXximum cwsront of L5 pa of
ang lyzed protons, but tha bags atability i3 obtained betwesn
2 pm amd 5 pa, but thers is still a ceriain ascunt of in-
s58bility in the pesiticon of 3w hsam., Ths high voltags
338 been up o 1,62 Mav wr waz matablas. Howe%‘farg (o T R

has been taksn at 1,52 Mav, and with mores opsratiom the
hilgher voltage wiil prabt:bly ¢3 attainnd. Fith ths corons

wegulator working propariy, ths voltags i3 sonztant $o + 2 Kv.

Iotal Neutros Oross Sselions

The meesursient of thes total neutrom oross ssetions of
some of %he elemerits 48 Leing condtinued iy msasuwring the
transmisaziorn of dises for monosnergio nentroneg from the
'l'ifpglnbﬂ@3 renction. The srvoss gagtions foxr coppeyr and
mmgnesiuzl have boern messUTed o tesl the “echnigus and the
souperatue, end we novs ¢oaple%ed tha measwrsnent of o

t18e Sestior of oA Frum 00U Kr fa 700 Yoo,
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sy warget, al e sawpils whieh vng & Lomnsaisatag el
atbout F0E. s 3 iSD duwohss Jrom tha feereev,  The ceald
Dao3ition was dotirainod sspirlises?nlly te gl 8 ainlinw s28%-
sering im eorracilonre The Yollowing proceduss was uasd oy
taicing data, the nautron flux wos determined with no sarmdls,
%ha flux was detarnined with sample, ths beckirocund was J&-
termined with sawvrle in placz and & paraifin sone batwees it
and the gounter. IThe resoluticr, &8s measured by the thi«sh-
0ld eurve foi thw i‘(pgnﬁﬂés was 35 Kv, this alse checke very
wall with the srosz section for the ressnences in Mgo The
cross segtions ward computsd, meking corxsctisng far in-

scattering and Lackground-

Seobor Srestromater

A haiamces Lo masuring the megnetic Lfia.d, a8 gt
of¥mber and & o millaticn desestor and anpiifier wvs
ban gonz2tructel wrd testedo Tha baianos s bean e iils aied
vt ng the & -por cler from palonium aud the sdge of e onk
8 reproducible .o datiex than ©.02%8. Tas tueged shaunbsr lwaw

gl:%s to define ~he bsam, 8 movahle warg: s mappurh, aon
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d orariiaia pavess whish oan U3 insaxted i olaae 9f ths
8 5 - im0 % z- A e Lo « GeTE 2 3
targst, and 2 movabls gii aysvem i msaamcrs the angls og-

t@eer thz ircoming besem sud the outgelng oarticles. Ihe
tatesetor i3 a stillberna orpstal mounted 21 a 3819 phots-
pnltiplier and magnetiazily shielded. IZIixs proton specize~
reatsy is ascsntially complets and ws plan to use it as zoon

58 we can make the generatcr operaticn moye stabie.

Neutrons from the Disintegration of Neon by Deuterons

22

20 , end Ne™ ",

Tre steble isgtope: of nson ars Ne N@Ql
the relative abundance of Ne“' being more han 90%. Ths
high concentiation of this isotope in naturally ocsurring
naon makes il possible o study certain reastions without
the use of s%able isotopasa. VWhen N‘gg iz irrediated by

asutrons, ons af the several sompating nusilear reactions is

(1) 3:2° ¢ D = ma?t 4+ H ¢ Q

whers Q i® the enargy reiszasc o7 the reasiion. This Q-vaius
3aw bs calsulated from asveral cther nuclear reacticns which

ars ajready gnovn. Thess ars,

; Z : ; 2 e
(2} We2l {D,HY) et Q= ¢£.528 3 0.009 ¥ev
?AL ) ,_i'l E S 4 n
i}) Ks @6“&) Ys @ =| 205228 i 3,020 Yev

4) N(BT) B Q= G,TH2 + 0,001 Mev
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the result i

27 (D5l Ha Q4 = 0,225 ¢ 0,022 Mav

that observed in remotion (T},

A thin gaseous targ:% of neon was irradietsd by
deutercns of maen enargy 1..0 Mew, supplied by the Bartol
Van de Greaff statitron. The amitted neutrons were cobserved
8t angles of zaro and 90% with the inoident deuterons by
“he method of recoil protens in Eastmen NTA plates. The
observed neutron speotrun joxr 0° and 90° is shom in
Figure 1. Emulsion thicmesses of 100 g and 200 p were
ocnployed-. The most promounsed group of purticles is at-
tributed to NeZ® (D;n) Falt, Ths position of neutrons
from carber sontamination is indicated as i3 the prosition
of the group from Ne2? (D.n) Hnmg caloulated from the
Q-valus of +3,22 Mav. I7 3is evident that the obaerved
position ia in disagreemant with the calounlated ons. In
tne forward Jdirastion, %#¢ groups of neutrons are assignsd
ta Olgivpn) 3359 sne belng zssumad to have ariginated on
taé hizgh enargy side of the Loll of the gas tarcget shambar,
Ths gezmetry was s¢ arrsingsd *hat such rautrons would not
be reoorded inm tne platss 53 9°°, Ths obmerved Q-vaius is
=017 # G005 Mav, D.39 Hev smsiler than that celoulatsd in

aguation {3),
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A pocelbis sxpinnatiog Fon tha disevepansy would be
thet ths posityonma oF K&gﬁ sre Yollowed by svoud 292 Kew
of gspA xny esnewky. Howaver, og %, fov E&Qi 1€ 3.8,
viesing the speetrum in the category of thas super allowsd
trannitiona. Thie ¢vpe 22 transisisn wauld bs
gomme rediation should bs prssent. A private commmisation
from J. R- Righardson and associates at USIA haz besm ra-
osived to tha effeat thel 10 samme rays from 3'21 have bsan
dstectad in a sscintillaticn spectrometer. Only annihilation
radiation was present.

The foil thickmess aind iarget thicknsss ware caloculiated
ssveral times indspendenily by several diffsrent membsrs of
the Bartcel Staff. The tombarding energy was 1.35 Mev; the
f2il thickness was 300 Ksv; and the tergst thicknass was
100 Kev, giving an averaze affective deutsron energy of
1.35 = 0,30 - 0,05 = 1,0 Mew,
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gemmk rays snltisd by 4r°° heve been msesureld 8t 0,73 Mew

g

£93 psxr gentl, $.2% Mew ' I3 piv oert), wrd 0.9 Mev

"7 per centl. Aupicxingtuly 2 psr aent «f ths beta zay

9%

disintegrations of &v’” 'mve bean showm Yo viarminats a%

9

a4 30 hour wetas. le bevs ”’ 9 the residual Queksus,

9%

2adicactive 27" The enorgy oF tha iscmsrily transitien

S 3y
‘™3 besn manwacad a8 Qo230 M@wé‘ argd Vo2& Mav® 5 The
valiation iz <eially convorisd. The eansigy +f the va-=
‘ . : , 3% -
atively hard atundant gunms ray af ﬂfg” has alsc been

maasured as 0,708 M@WAQ

Spsotromatric measursments have yizided guantum

&) - . . A o = E )
) Mew '’ fou

anargies of 0.7% dsw- ., 0,758 Mev"” amd 0,77

“ha single gsnn: 3y of lbﬁqﬂ tne 3u-day daushter aleme)né.
Tha snexrgy of %:is gamB ey S alsc measuc:d as 0,32 Iy
by the methed &’ scingidsros abzarpti@mﬁio i3 thase
avter msasurem:nhs, Lhe samm way whisk 2ppinred %e
TRTe N ensTey v CoS% Mo g lound im Uudh whe tirernsm

¢nd niobiusn DiwvioRs. Miweveay, the beola=germmg eodncidiios
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“ wm3 sush 64 $2 aupgest that 2n the avarape,

-
sgah bete of Z:‘zﬂ‘gj ig Yelliowad by isss than 0.3 Hev of

W

rate cf Zw

gamma -Yay ensrgy. wWhen a8 sarsfulliy purifisd scurge of

H‘ygj Fialiad an bota-grmmn coincidenzs yate mPfiaiant?
large te ecoount for <hs presense of the hard gamme ray
thought to be ol snergy 9.9z Mev, it was sonoluded That
the pregenca of this gamma xRy in the girconium fraction
axrcas from an incompleta ashamical separation and that 1%
is actually only associuted with the dauzhitsr 2lsment.
Begcause of ths various conflicting reports concarning the
gamme radiations, the proparties of'ng5 = Nbgs have besn

reinvestigated.

Procedure and Resuvlts

A sovrss of ergS - m,95

was produced in ths fiszsicn
vroceas at the Cak Ridge pile, Pure seprsxratsd sourcss of
ngs and l:‘b95 wors prepared repsatadiy by Steinmdberg's

3 o The gammm raye of Nb%g. Zz,~959 and

oxalate procedure
ngs = masi5 wore 8bsorbad in lemd as shown in Figwre 1.
From the slopes of the curves it is evident thai the
ganmd rayr emitted by tne tires dirfesrent radiosctive
sources are sssentialiy the same in onsigy. No evidancs
appears on any cf ths sbsarption curves to suggest ths
prasens3 of any gemmh rays of lower snsygy and szomparabls

intensity. Kspsated chemicel serayrations always gavs
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ghaoryticn cunves sdnt e fu those oF Piguve L. Ths

gutntum anargy fakou o the sicpe 2% tha aneve is

. avfu a 7 SNE e
Vol ¥ Vol WBWo
% ! o % ol Yadd aner cawme ool o o PN N
With =him 204 of o selnfillsddicn speohiremster, he

photcelestyio linea of ths gamma rays of Ffreshiy sepsvated
2x5° and Hbgﬁ mexrs obazrved in & crystal of Fal - Tli. The
pulse heigiit diztributions axs shown in Figure 2, whers |
it is oleaxr that the gunma way of Nbgs i3 somewhat moxs

ensrgstioc than thmt of Zrﬁﬁo Calibra*ion of the spestrc-
meter with the zamma rays from Aulga, Nhazo 05137 80469
and 006

and 0,76 + 0,02,

9

0 yielded quantum energies of 0.73 + 0.02 Mev

The beta-gamme soinoidence rates of‘Nbgsﬂ nggg and
2r2% - Y%, as & funotion of aluminum absorber thicknass
befors the basta-ray ccunter, are shown in Figure 3. It
is evident that the average value of the scincidence xaiw
is appiroxinetely the seme in the three csoper, confirmiag

that most of the bata rays ¢f "xr>°

ars followsd, on the
avarage, by approximately the zame arount of gamma-xay
snargy (0.1 Hsev) as s1es the beta rays of hbgso The
beta-gaems coinoldence counting arrengement was cali-
brated by “he beta-gamme ceinoidence rate of sofé, m
& separate g-oup of golnsidsnee messuwrsmsnuts at sertaln

s lagted thicknessez of abgorbers Lefore ths beta-ray



gountay, Lhe onients o0 gzl ray erdrsy per bele ray
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The Disintegiration Schome

Ths 1.0 Hev Geta upacirum of Z;'c‘gﬁ' IANT = 2, yusl %’w"

95

Yarminatas &% ths 90=hr, lsvel of B’ | Py /Qbr” § &0 taw
errital of The lust 281 sucieoa of Z;fgg' i3 taxsn %o be
d5 J2° Lox NM) for the wu’: abundant bYete spschru aof
2135 i3 6.52, permittiag tis Ainterprotaticm YIRT ths
spaotrum xiy be once forbiiden (AJ =9 ¢ 1, yasb) wm
X farbiiden (A= a, sob,= 2), Acoviding €
former oclsesiifeation, the erxcived level st 2.73 ¢ .92 Hav
ic the rezidiial nuwelsusw, };09% eruld bave the orkitnl
3720 if'i /% a4 f%@o Wegw % € %bsw L3 ke Flwey Twe
spluss, & reixtively irierice gmnh xoy i wsrgl el Dsw
¢ ne b

zuid be ¢xprceted to appsiy amens Yhe reditlivrs of

cnitted ir. tre twansitign hetween the Jevelk sl V.75 ¢ Q.02

. LETLN
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state of Hb"’ axseed that of & vransition ve the peiu-
ahabls icval @fﬂg, J2 P ¥y / poo  DINGE XBO gamra Loainvden
at 0.5 Mev i3 olgerved, tie most llkelr of tho thires
orbitals associnted with the sgsmwmption sf a onee Loy
hidden transition is f? f2°

12 an A ~forbidden beta transition is mssumed, ths
orbital assignment of the 0,73 + 0.02 Mev lsvel is
uniquely &7 fa° The ¢transition 57/2 —> & /2 is, o
gourse, far more probdable thar 872 — Py /3° Since the
37 /2 shell closes at 23 nucleons, the By /2 sub-sheall,
closing a% 58 nucleons, iz favoxed.

From shell model ponziderations and ths conversion
coefficients of the 0,786 « 0,02 Mev gamma xray of Nb%,,
it has bean previously shc»wnl” that ths decay of }ibgg3

1) lﬂ@gs ean be chareoterized by 59 Vi 57 /2 -3 &5 /2

I'gotnotes

# The present soingidence ratos and ssscglated gumms -
ray esrgies are in contrediction with the previous
report (referance 3) that the bate rays of Zr-0 ape

Chetaomone asineldones

goinalident nith Isuss then 0.3 Mew of Zamba-Tay ONOTEYo
Ths curlier resulis st be nsoribed %o the prousnas
of wnidenftifiad impuriviss having swelatively law

kDD

"9"-.3

<



When 3 rsedignueldlids 1o geew ficon & arsnt elonsnd

fin]

' comparable heif-life. it con he ghowm taat 1F &

henicsl sepexation 1s eifegied at # gonsideraebls iengih

&

of time afler onsed of grovith, the disirtegration »aies

are in tha ratio of

e BENAS
p Ap “Ap

where the subscripts P and D refexr tv perent and daughter,
and the A s are the dscay constants. I the 65-day
ZEQS and the 35-day }!"3395,, this ratio i3 2,106 + 0.2, Im
the present investigation the ratio of 1t ZAMR-YRY
aagtivitiss mam observed im both sciniiliys tion counters
‘8nd Geiger ounters snd fouad to ba 2.2 + .1, confirming
8 good saparation if the gemma rediationz o the pareas

and daughtsr are essentially the same.

Rafearences

l. Sagenz:, Xojima, Migamoto aud Ikawa, Fays. Hev. 57,
iigy (1940). B. 1. Goldschmidt and 1. Perlmen,
Radloghenical Studies:s The Fission Froduots

{Mebraw-Hill Book Compeny, Ime., Yew Yerlk, 1951},
Paper Ho, 84, Nationsl Mumlesxr Energy Series
Plutoniun Frojest Reeoxd, Vol. 9, Div, IV,



Beady, agelibamior, and Stoimbaxg, Ibid,
9 ) Pty

Papers 35 snd B8,

Lo Jasobuun e Ro Oversivreot, Ihid., Papsr 9i. UThe
volums in whieh tliene Iattar xefsyences ruy be found
will herasafter be roferred to as NNES Y,

2. Vo Ao:Nadasl, NNES 9, FPapss BY,

50 D. Wo Engelhenmier and E. L. Brady, NNES 9, Paper 92.
Eo Po Steinberg, ¥NSS 8, Pepar 9%,

4, Hudgeis and Lyons, Phys. Rev. TS5, 206 (1949).

5 J. 8. laringer, FNES 9, Papsr 94.

6. V. Rall and R. G, Wilkinson, Phys. Rev. 71, 321 {1947).
Toc Vo A. Nedzel, NNE3 9, Fapsr 59U,

8. C. E. ¥andeville end ¥. V. Soherb, Phiys. Rev. 13,
1‘54 @1948%

9, E. P, Steinberg, NNFS ¢, Papex 243,

10. Mayer, Hogzkowski andé loardheim, Revs. Modexn Physo
23, 315 Ci%51). |

11, Goldbubw: and Sunyer, Fhys. Rev. 8%, 906 (1951).

12, Ao Mo Feingold, Reve. lisdern Phys. 2%, 19 (1951).

13, C. Y. Fun, Phys, Rev. &, 252 (1%52).



2
("

s
W=
92

Oo  CONCERNING COUNIIRS

Daring the pzst vesr the sounter group hes deals
primorily with the yvoblsw of reduging doad-times in
G-¥ gounters and with maasvrements of tha apacific
primery iomization of waricus gases by Ge-xays. In
gddition to the main investigrtions, e preliminary study
has been made of the opexsiticr of eounters in the
neighborhood of the Celiger-Mueller threshold.

The dead-time lnvastisations have lead to the de-
velopment of simple cutoff eiroult which linits the
syreading of the discharge in a self-quenshing counter
to & small frastion of <he wire lengih, thereby allowing
the counter to respond to an ionising ray as soon a8
1.5 B sec. aftar en wariier disgchmrge. A datsiled des-
eription of this cirenit and the various tests whish
have bsen performed (o tss% its affect on G-M counter-
behavioy is attached uc bthe yeport im the fora of &
reprint. A zsview arSicis nbﬁ in preparatian for publi-
oadtion in Nocleomics derls with the gensxral problem of
G-t counter dead-time sud discuesse the relstive merits
et the varicus msthots which have bdeen devised for demd-
time reduction. Am eppezeiug for messvring the relstive
efficiency of & sounier mt shor$ timos avisys a discharge
!ms beon deviesd, and will be desoribed inm this papsr,
togethexr viith vore of 4iw results it s yislded on

counrters with and without che cutef? afrauid attseohed.
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I s GFort v ebeain information vy use in

The design of Jow przaguvia G- couvnters, a refined
feaohnigque fow metauviang the spasifis pelraxy dlonlgation
¢f gases hed been dsvsloped. The method counsists in
nepguring the probabliity “hat a Low pressure sounter
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charged bty s /3-vay having a known energy (variable
betwean U.2 and 1.6 Mavy) and a wall-defined path-length
in the counter. The sdischiirge prodbability together with
the pach-iensth sand gz2s prossurs compriss information
suffiscient for the determiuvation of the specifia primary
iomigation of the ga: contunined in the counter.

Although the meinod o measurement is not new, cerx-
tnin improvements in apparatus design - notably a ra-
duction of the uppeyr and luwer limits of ths path-length --
provide the conditions nacissary for moxe zaourate
spesific przimary jonization measurements than have
herataofoxe been agocaplishsd in the enexgy range concernsd.

Suscessful msasuremenis on H,, He He and A -- deg-
oribed in detail in a raper whigh followa ~-- have been
eompleted, and preparations arse now beirg made to extend

ths investigation to the ¢iganic vapors used in self-

quenching counters.
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HUsno -anowgatio slevtrons megnatisasly saperate?d

rom the sontiouous spaatrum of & radioncvive B -zay

bty

sourge ars direntad througi: &8 series of 5 G=M gounters
separated by thir AX windois. A measurenent of the
effiglency ¢f the first anuntexr by the saolnaidencs
m:thod yielda inform tion “rom whish the specifie pri-
maxry lonfisticn of iits sonimined gas is calouleted.
Mas:surements on HQQHGI Ne . ané A oveyr the range of
incidant zlestron enucgles 0,2 to 1.€ Mew have been made
and the ¢ata sompared with the Bethe theory of primaxy
tonigatics. by adjustmsnt of dwo asonstunts santained in
the theorsiicnl formalas 1t is »ossiblise ¢ £it the datm
far each af ths four zasas within the expesrimental oxrrors.
The adjustsd foxmulas appe xr to prediss acoursts valuss
of the spacifiec primu-y icuisation over & range of ensrgies

cansideranly greater Zhan it invesitigated.

Iatzeducticxn
Veasuremeats of the s #cifie primary ionlgation of
g1888 by 3hargrd parzigilet xve besn condueted by a rumbsr

=1) wor ¢ aonsidersdls range of incidery

¢! {uvestisravors
porticly- snsegples. Thare have, dv geae ingtances, Leaw

I.rgae d4r3repansien vataee the resu’ts vblained mizh
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ail fPevars: mstioeds of wsssuornsst, and thh eZperinsntas
syyvors Mave shue far prasiuded o opliisel guantitetive
gempirison bhovgesn the rsasuwrements and the predictions
o the thacey .

In view of the many arviisations of kno'ledge cson-
serning the lonigation «f gases in various fields of
sxrerimental physics it was considered worthwhile to
conduct a new set of pracisy measurements sn several
gasas in <ns nasighborhood o.! minimm ionization using
ﬁ?emarticlea from a rediocaossive source as the primary
ioniging 1mdiation. Thé maasuremante reovorted herein
extand over & suffiole:;t raage of energies to make possible
a detarmirnation of the paraaseters whish snter iato the
Bethe thaeoxry of vrrimary lonigaticn and indicate the degrse
to vwhish the theory wsy be relied uporn ms 8 tecol far ex-

trapolating cxperimental da e,

Experimenial Progedurs.

The ¢xpirimental prosedure aonsists of msaswing
ths protability that & (-} ounter filled with “he gas
undsy investimmtion will be diseharged by a ./3 =Ry haviag
2 known eneiy and & well-=d:fined patih-length in ths
sounter. Tk relation hatwior sounting u¥Tiaiengy, {::'9
and the averngs aueber ol plrary ifox parvy, X, produussd
by nﬁam dn trsversing tiue osunter is

ef.
= 1a@

M

W=
A
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NNOTS ,l"':ifs vhe path=-iongth, p T8 gAS PrasLurs in av-
mospheres ani T the temperrvitvre in degrezs Ko

The ralidity of equation (1) rests wpon tha follow-
ing assvmpticns: 1) that the yrimary iea pairs are
szatistically distridbuted in lesation alung ths path of
an elsctron nceording to the Polsson law, 2) that ths
sounter is gsrtain tc ba discharged by any zlectron whioh
produces sne or more ish peire in the gus, 3) that the
probabiliiiy of an electron being knocked sut of the wall
by an inoident xay iv negligible in comparison with the
probahilivy of preduction »{ a primaxy ion in the gse.
Apsumptions i) and 2! sppasr to ba well-founded on
theoretical prounds, and 3 bae: been ohecked by examining
tiie variaiion of &: with proasura 85 will Lo dissusssd below,

The axporimental gixan.zement as zhom: in Figure 1
cmsists ssaentianlly ¢f s 180° ,’3 -ray spasirogruph
{ovacuated &3 107 me Hg) ad & set of G-I sounSers
@1 02 ani 033 A zediomasive ceriuva soures A% 85 gilvsz rise
3 A cONTimAsus SPIJLAU 0 ,/3 -rays ranging in Inergy from

35%0 %6 3 Hev, The series of taffles B s3l3ate froz: Ins

i

ontinweus opactrum ¢ Ropg-snergetic bema ol /3 -zeuys which
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Fig. 1. - Appartus for determination of the specific primary ionization of
gases by fB-rays in the energy range 0.2 to 1.6 Mev.
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Fig. 2. = Variation of the quantity (1-£) as a function of the pressure of H,
contalned in counter - (.855 Mev. 3 -rays)
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PAEE LInAUZy Cthe il e ctrudn vl oa wevian of o pll
Aauminves candows Foo W oand W0 Lo muagnzsia Tieid,
walsh dagormiasu e sennanban of the seiosted /3=xﬁ§
tear, iz ago nueed by mzonm 22 5 balliistls galeaname el
asnnectsd %5 a fllp 3oLl F.

The (3-zuy energy rengs whish san be 3oversd witn this
erveratuz is limized ¢35 about 209 kv at the low snd, and
t2 1.6 ¥ev &% the high #nd. The lower limit is dester-
nined by the total thickness ¢f the thres &luminum
counter windows, and the uppsr limit by the meximum meg-
netic fieid attainable. T3 momentum resoclution of ths
spestrogreph is approrimstely + 5 per zent.

Corrections for energy lces of the /3-rays in the
-G01" AL window Wl vers mede on the basie of the rangs
vs ensrgy cwrves for electindns in A,eo Fgr_the ilowasy
STISTEF ﬁgaraya considerad in the present :‘nvestigati:n
this corr#stion anourts o approximatolv ¢ per sent whils
fer the highort energy ray: the sorrection is approxinately
orie par soen%.

‘The s-sunter Cl iz 21illad with a zss > mixiure &7
gsez whois )wimary ivnisation is ¢o bs mzasured, The
FAS prassure is chossr 19 % wut tha /3 =AY Im the spac-
trograph onergy renge ar: ssunted with an e7fisisncsy of
abaut 0.3 - & gondition whish results ir thes 1lsasgt zs-
juirad spesting tiwa Tor daftermining th primmvy

ionisetizy tc & given szatistizal accurdasy. Countsrs
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Tha souibeys ara snnested to aw savarasli slirosuisd
vhizh simultareovaly rezcrds the number »f J=-fcid
zincidsnses {C, Gy fﬂ) ar:é ths number of 2-fold
coincidenzes (G, 05)0 The efficiensy of C, for sount-
ing the /4 -rays which traverse it within the solid argie

of windory ¥, and ¥, s given by

((1102 ‘} = (‘ 102‘1’ :)

-2 1838 (s)

where the guantities witia 3" subsoripta Tepresent the
bagckground adincidenses tat.s recorded witn the magnsitis
fileld of :the spectrozraph :‘eéduszed to zsxy. The bask-
gzound ratny wers ieau ine: 10 per cent of th@_(3=ray
gowndting rates for &l cof ‘he peasuremsnts reported naxe.
T ¥EE neQfEBAY; ¥+ ojayate the agurter C: 23 &
rasistance-zuenched covrte: with fll of vhe greegs uuzd in

A A < B Al e IV- cca ew -
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dohim aieydabiora VU adeed amd w24
Wil TEVIEE SBIEY BhaaY M
gusuching resistence !0 ohma! ragquired in s:ms 3n-

stances. £ rrecuulion UGH eIy Yo Cnawe that ths
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stitendan’ drud-time 7 this esurter did urd give rin
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watoch was Tiselly adapszd TSer ths irisl OF GuveXd.
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anvi-goinciden.g dxou it vino iwtrodused baiween the

wire of U, &nd the coluceidance selsation sdrauivs 3% &8
tc pravant 2he rasoxding of zay voincidencu (C,,f,i or
{C,C5Cx» mhizh soourred vt ¢ time when the wire potential
of C; was more than 5 valts below its normal {quiescens)
rctentiai. IThis imposzecd th: condition tlat countesr C;
bs completu.y recover:id frou any nreseding discharxge
bsfore & coingidense gouid ie recordsd, &nid thus rendered
<he exparimuntallyodntarmin&d_crrioiensigu independent of
the dsad-tine of Cjo

The bauskground rates u.ed in sguutisn (3) to evaluate
the efficiencies ware uorre:ted to compensate for the in-
gctive time of the re:ordin: circuits iniroduced by the
wotion of the anti-coingide ce sircuit during the /3 -xay
data runs.

As 8 i#st of the zver-:11 relicbilivy of the sxperi-
meatal proosdiure, a cuzxve o! effigisncy vs preszsure was
taken on the sguntar Ci rit. hydircgen &s the filling gaz.
Figure 2 i3 # semi-logexith: is plot of th¢ measured v2iuss
6f {3 =L} ae a funasic TLEST TEessu
is seen that the oxperimentel points Lie slcng & streipht
Lizne whizh eztrapclstes %0 1 &) = 2 g% P ™0 as
expsoved from sguations (I} amd {2). If uhere wsre any
signi’iocant seontributicon tz the asunting w=gte of Cl Tran

sesondaries racaitod cul F s windows W. ax B, oms
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a1l af the primary i:mlzatisn me2asureman® rapoxtsd L
Tha *niztnasses of ths wails 2f gouantes Cl ars
suffiszient 9 prevent the passage of (7 -rays either ints

or out af the gounter sxsert through the i mil<AJL
windowe W, and ¥,. Thus, I'er a (3 -xay tc cause a
t¢3incidence (cé Cﬂa it is racessery thst the ray treverse
C= within the sclid angle «f windons W ani Wﬁ Th3se
windows &ars 0.250" irn diamcter ard ths plans surfact s

on which they &re mounted t¢xre serazrated by a distancs,
JZ@ = .688". There are %we effesss nhilsh cause the n#n
piith-length 3f rays traver:ing ci %3 depart slighteiy foem

the lengts £ . Ths first is scatterinz cf tha bsum in
tha entrenss windew W,. o [A-rays ¢ the snergy rangs
2msiderad hare, the msan uczattering anzis in W; i=s
suffigisnsiy large thai sa:h point of window may b=

n A =almileien

I

gonsiders? 83 an iseivaplie anuvas af wava
¢t the msan pathﬁength)zE sf rsys txnveling botwoesn Tws
rindows. Sush & salsulating ylalds she resuls

5 7
St 3-00)54 /;04~ o

&

Ihe cocznd « Ife5t azines L£rim & = ight, approx .-

zntely spherizsld disvorsicn of windaw Y. whisn cesuitel

as
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from wnintentiznaily subjzoting the wiufdon F, %o 8 N3y av-
dif

muSphexrs pressiure fferential, This distortion has tha
effeot of reducing thr sversge path-lengstn to a valuz
approximataiy (.5 per oent lsss than that indicated avovs
fer the case of g plane vindow surface. Consideration of
ths combinsd =¢fccts of saatisring and window

indicates that ithe msen path-langth differs from the valus
,Q, o by less ther 0.8 per cent. Singe the error introduced
into the final reszult by setting -,Q = QU is of the zams '
order of magnitude as the statisticali exrors, { in
equation {(2) s been aet equal to.g_c_in all of ths
spscific primery lonization calculations.

The pres:ures of zagses introduced into ths Countar C1
vere msasured with a msrowry manometer constructed of glass
tubing of sufficiently large diameder (0.5 in.) %s &li-
ainats srrors arising from unaqua. meniscus shapas in tas
twe ocluwmns of the mancmeter. Ap anti-parallax method wes
ussd in gomparing ths heizhts 2f the marcury columms with
4 fixed scalas, graduated in mm. Errors in the msasursd
sregific primary ionigation values csused by inaccurasies
ir préssure readings wers lsss than or equal to ths statis-
tizal errors in 8ll of ths measurements.

Spectrossopriselly pure gases supplied by the Linds
Air Products Company wexre used Through the investigstion.
Ccunter Cl axiibited a goovd sffislency ve voltager plstean

{alope < 1% per 100 valts) with f£iliings of purs H, but
~
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did not perform satisfactorily with fillings of pure

He, Ne, or A. The sdditica of small amounts of H2 te

the latter gases was found to yield efficiency vs.

vcltage plateaux as good as that obtained with purs Hza
Osnsequently the additiom of H, was adopted as the most
practical procedures for overcoming the difficulties en-
countered with the pure gases. The specific primary
ionigzation values obtained for He, Ne ana A with hydrogen
acdded were corrected by using the primary ionieation wvalues
for pure H,o These corractions amounted %o 10, 16% and 5%

for the three guses, respectively.

Ezperimental results.

The results of the specific primery ionigetion measurs-
ments on H29 He. Ne and A are pressented in Table I. Ths
axparimsntal arrors indicated in the Table are the statis-
tical standexd devigtions which in all cases are ocomparable
parcentagewisa with the independent uncertainties associated
with the pressure and path-length dsterminationsa. The rela-
tive magnitude of the specific primary ionication values cb-
tainsd for any individual gas are comsidered T0 be &GCUX&TVS
within the statixtigal errors. Uncertaintiss ir the ab-
solute values are cgonservetively estimated at + 3 per cent.
Hepeat runs on H29 He and A, after removing the original
ges filiing and introducing new filling of the sams
progssures indicuted thet the measurements wers reproducibl

within the statistical sxrors.
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Teble Y. ¥erasuved values of the Sgt ¢1Lic primary
icnigation of Ho, Hs, Ne and A for various

{3 ~ray encrgies.

;: Spucific Prinmry Ioniration-ions/en at N.T.P
I T T
?;'1:51:33) f’% HZ ta e A
0.205 | Uo9B Bod5 + o095  T7.56 + 016 [18.45 + .36 j41.7 + .77
Go500 | 1,71 |6.04 + .065 | 5.58 + .066/15.4 + 17 (30,5 + -34
0,855 | 2:43 |5.44 + o054 | 5,08 + .043|12.5 + »14 |27.7 + o31
1017 | 3015 |5650 # o053 |« = « = = | = = oo o | ==~
1,55 3,90 {5.32 + o059 | 5.02 + 080 12.4 + .13 {2708 + .31
i

Comrarison of the Experimental Results with the Theory

Tlie theocry of prinmary ionization has been treated both
c.assically and guanituni-meahanicslly in various degvees of
approximation by a number of authors. The mos¢ recent and
comprelisnsive treatment of the subject =-- ziven by Beth@S)
== ylelds the followigg formula for the varistion of
spacifis prim&r?; ionization with the veloscity of the incident

particis:

2 2, 2728 Y 2mei@2 4y -4 ()
S =2Mr, " me™ N.o Ic-z-? I (1-8%
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wiers

S = number of primery ions per om of path

(5]

[

o = o2 {slassisal electron radius)
m = aleoctron rest amass

o = velociity of lign%

N = number of atoms per cc &%t N.T.P.

g = incident particle charge

Z = atomic number of gas

I = jonieaticn potential of the ges

ﬁﬁ incident particle velooity / c.
&, b = gonstants dependant upcn the electronis structure of
the gas
l

For the particular cass of atomic hydrogen
(I, = 13:5 ava, g = 1! Bathe hes calculated the values of the
cunstants in this squation toc be: a = 0,285, b = 3,04, For
gesas other thnon atomis hydrogen, the calculation c¢f the son-
stants sannot ba readily acoomplishsd without introduscing
rather rough approximetions rsgarding the form of the wavs

In the darivation of aquation (4) the assumption is
made that ths incident particle is undeviated by individual
collision with the atcma of the gas. This approximation
leads to rather large arrors at low energies, but should

nct seriously affect the validity of the formula at slaotron

ararciag grester than a faw kv.

_____ oY vl




Tre form of ~quation {(4) indicatzs that Yor a& given
ges, 5 cdepends only upon the velosity v snd the orarge x

of the inoident ioniszing particle. By making the substitution

ST \ V2
B =] lne/ - (5)

and lunping the sonstant coeffioients in eguation (4) cne
obtaina the sxpra:sion:

- 2 ¥ ]
fi_ + 1 2 -1; (P z
S = 4 me/ - %ngg -1p+Climg} <+« 1 (6)
2 N o \2
2 ar
| \®¢ - L\me ~

whare p is thes inoident particle momentum and m the incident

rarticle rest mass. In terms of the constants of squation (4)

) 7 Za
A= 2‘%‘{:‘@2 PECE S I
o
3 2
CBA(b+ Q m* m@“}
I
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In oxrder to sompare the theory with the sxperimsntal
results the constunts A and C have bsen ampirically deter-
mined for esch 0”7 the gases investigated sc that aquaticn (6)
yieldn the best agreement with the experimental resuits. The
velues of A snd C cdetermined by least sgquares fits are given
ir. Table II and the plots of equation {6) evaluated with the
tabulated coristenis are shown in Figures 3, 4, 5 and 6.
{s0lid curves). ‘'he ¢dashed curves also shown in the figures
indicate the extrumes of a family of theoratical curves whish
it al’ of the sxperimentul values detarmined in the prosen$
investigation wichin ohn statistical standard deviation.

The amounts by whish the constants A and C sorresponding to
the two extrema curves leviate from the lsast squares vaiuas
ary indicated in Table II by the increments to the righ: of
ths + &nd ; signs. One of the extreme satz of parameters is
obtainel by taking the upper signs and the other by teking
thy lower signs.

Tabls II Values 2f the parameter A and C salsulated ty
fitting E3z. © to ths expsrimental data. Ths
1imits indicate the range of varistion of the
perameters consistent with the statistical errors

ir. t.the expsrimental resultc=.

E? H= 2 i A

Lo ]

0356 # 003 | o422 + 038 | 1.13 + U9

2
Q
wi
Y]
<
[+
R
-3

4.35 + .02 | 198 % .02 9.64 + .11 |21.8

&0
o
o
Fy
“outt
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Lesguys.iun

g' Hydrogem. “haz l=rst syusres £1t of the Beths Tormuin
{49l1d curve F'c. 3} 40 the hydrogen dein nhicined in 1ha
presen® investization nexges smoothly wiith the sxperimentel

/g = 0,75 {eleatraon ena-gy of

wLG'

' . ‘}
. ta of Tete and Smish”  a
750 volts) but diveyseuy graduwlly at Lover snargiss toward
rrimary ioniza<ion valuss in axaess of the Tate and Smith

5)

valuess, The exierinencal points of Cosynsz and o2 Imnyorih

‘)

and Ramsey for cosniz-ray mescns (averaga valuz of

B. 7U:9) agres vith the solid curve withim the experimentali
ma

errors. The ci:ud giwmmber date of ¥iliiams and Torroux
scattsr sacmawhat breadly ebzve and belzw tha curve indizating
tlia presence of rather large exparimentel uncartainiiew.
howevex tne over-aii a;veement with tha present results i

quite cavisfact:o:y,

\

Herofefﬁ?' Fazs corducted &n sxtangivs w-pressuy.
dcunter study of ths primery icnisatior of H by K3=raVa ugd
cesmic-:ay mesor:. Thesse results (not rlctted in Fig. »)
aithougi: coanulsiiut withh the other werk ss regsrds hets
icnigation of cisinds eyt show considerubtile d:nur paE L 0y
with thuy present woric 3w the ﬂ?:ray eNns. gy TBNEgd. A suviss
01 valuas obtainit by Hererord for‘{3:1gys JE nsaw sipin
Lenlgation &rs niout L6 per sent lowsy thai the prassas dat:

W ths scme rani:.  Aside ¥zam th2 poss:bil ity shat re..



colncidenczes were lost by exnesalve dead-t%time of the H2
counters used in Heraford's apparatus, no e:xplanation for

the disagresnaus 1§ appnrenw.

b) Heliurx. In the =838 of helium, thers iz & rather large
discrapanay batwzen the solid curve and the low energy data
of Smitxz)o This see's rather surprising in view of ths
relntively hich acsuracy with whioch the forwula Jjoins tns
righ energy data with the low snergy data for the other
ga3es, The cosmie-<ray point obtained by CesynsS) for
hreliun agrecs vith the solid curve within tha experimenval
SXTCrs.

The gradval relativistic increase in primary ionization
at high energies predicted by the Bethe formula is oconfirred
in both H2 anc¢ He by the consistenoy of the cosmic-ray cdata
of Cosyns end of Denforth and Ramsey, with the theoretical
extrapolation of ths /3 -ray data.

)

o) Argon and Neon. In order to compare Snith's rasults®

Tor argen and neoa with the present msasvremsnis, it is
necessary to cbserve that the quantity messured by Smiin i3
no% in geneyrnl eiictly ajuivalant to spacifics primary
ionigation. FWhile the specifia primary iomnization, §,
measured in tha present ezxperimens is defined as the numbsr of
ionizging collisions per unit path-lengtk, ths "ionizaticn
prcbability". P, measured by Smith may be dafined as ths
number of elecirons releassd in lonicing collisions par uais

c? path-lsngth.




Consluzion.

Thz @omparisin nmade bstween the existing exrerimsntal
result: ard the 2iJjusted Bethe fermuls indicate a sather
comprehsnsive agrecement ovar an extremely largé energy YBnNgs.
Although 1t is u~forturate that not all of the fzotors whish
enter into ths m:zzhanisrm of ionization can be presissly
caloule ted from first rrinciples, the Bethe formula appears
to be & reliable toci for interpolating betwean measured
velues of specifis prirary icnizaticy at snsrgies in sxzess
of a few kv,

The date obtained in the present investigation. in
additisn to serving as a useful guide towsrd further devel-
opment of the thaory of ionization; nshould he of welug both
ip tha design of .ow-afriziency G-I counters and im the
snalvata of usloud chambe:: rhotogrephs onsntaining the tracks
of fast yarticles,

Haasurement s of the specifie prinary ionizetion of
sgveral other sitole gases and of some of the somvlex
orgeni: vapors utilifed in G-¥ counters will bde sarried out

in the near futara.
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The Spweading of the iischarge in Sel¥-Quenching Ccounters

Opcrated Belicw the G-M Threshold

Introd istion

s m— —cT—

1,2,3) of the abasorction of

A numbsr o Investigetions
the vhi:tons whica sre relcaged in the discharges of sslf-
quanching G- gswvnters have lead to the conglusion that a
very l:rge percentage of such photons have absorption mean
free » ths of tr: oxder of n few mlllimetsrs in crdinary
£8s ml tures. Ire same conclusion may be reached in-
direct:y on the tasis of the fact thet & small glass besad
fused "o the cerier wire of a counter cen prevent a dis-
charge which is initiated on onm side 0of the bead fronm
spread. ng bveyond *the tead .

I edditior <o the short-range photon coaporant there

1,2 & relstively

has he: n ohserved by soma investisttors
long=yi.rige photil: group capahble of releesing thote
electr- s at & dis%ance of saveral om from their point of
Toymat on, In tis course cf & recent study of the dehavior
of G=l! sounters operated in the transiticn region betwesn
the priportionai and Geiger regions additional evidunca for
the criation of vhotons of very lcng range has baen ¢ob-
tainad ¥nile scna of t1e ovoader asrects of this investi-
gation navse not yst been brought to a conclusion, it seems
worthwirile to describs the z2xperimental arrvengement and %2

rrasen’ the evidenit rertain:ing to the presencze of long-

ranga 1hotens in & comruniseticn at this times.



Arvraratne
A =

The apraratua {Figure 1) oornsisted of a eounter with
gegmeried cathot.s 1 cu dlamefer, and 1 om long spaced
approximstely C. . eom apurt, The cylindexrs were made of
nopper, and the wirm was 9,005 inch diameter tungsten. A
coincidence circuit, alsc shown in Figure 1. was connected
to segaznts C an'i K while all intermediate scgments were
connec:2d together, and atrached to & variable voltaga
source, Segments A, E and the eﬁdosegmants wore maintained
at greind potential to eliminate inducstive ocoupling betweeﬁ
them a&1d the coincidense segrtents, while the coincidense
asgmen:s were hsld at -3 volts by the grid bias batteries
of the soinocidence input tubes.

The expericent was deviz=sd <6 measure the probability
that a discharge initiated in the vicinity of segment A
would upread to cegment X as & funetion of the voltage
applied to the irtermediste cathcde secticn D through Jo
Discharges were initieted in thes uppsr end of the counter
by adritting photons through a thin window in the vicinity
of segrent A. Isch discharge spread dovmvard to ssgaent C
causin;; a8 count to be recorded on scaler 1. If one or more
photo=iieotrons vere relecsed in segment X {which vas
operatid well above the G-k threshold) vwithin 20 u =&c
after the discharge of segmsnt C, a two-Lold colnocidencs

(€., K) was recoxded by ssaler 2, Thus, the ratic of the
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nunber of zcunts recorced on s:aler i to that recorded on
scalsx 2 was squnl 1o the spreading rrobebility whish wes
to b8 detecrmined., The stendard mixtures used in this

lasoratory at various votal presssures wers investigated.

Freliminary Tast:

Since a ouingcidence circuit was involved in these
measurenests., & test for chance coincidences was made. Ths
time durstion? ' f the output coinciden:e-pulse was measursd.
4 record Cf'tht :ndividual rates of segrents C and X, as
vell as the cuirn: idencse rate, was obtaired with segments D
through J, wel! i 3low the Geiger region. Using the familiar

eypressicr for a. :idenial coincidencen F = 2N Nka'Q i€

mes found that tis mscidental rate N wes less than 1077
tiaes the smelle:: coirncidense rete recomiad., Beosuse of
“hs smallnsss of :ontr'bution of accidental erinaidences to
ths observed erf.:ts, o corrsctions for accidentals wers
m2ies

Observation: of the variation in tre sizes of osutput
pulses fren seézmerts C and X a= & functisn of the potential
applied ¢¢ the intermediats oathods ssstion indicated that

ne appreciable fiinging effects wers present over the range

¢f voltage utiliizd in the experiments.

Liperimental Resilts

Typical fum! lies of curves for argon-butane and argon-

rther are show: 1 Figuwrssz 2 and 3, resvsciively. The ~anter
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nire potentials employed in obtaining thess surves are
indicated by the absaissal coordinates of the points .

All of the gas mixtures investigated have scrtain
cualitative features in common. With curfisiently high
cvervolteres,. 1C0 per cent of the disclarges spread the
fuli length of the counter. As the pociential on the middle
segments is reduced, the spreading vrotability deoreases--
ciowly at first, und then quite rapidly., With stil]l lower
voltages, the spreadiir g proba llity tends o level ofY
ezain over & span of ¢t least 30 to 40 volts., In this
ragion. tie chanze of a full-length sp:read depends critically
upon the omprosition end totel prassure of the gas mi.turs.
Eowever, it seeins to be established that with fixed n<o-
poartions ¥ argeon and juenshing gas, the sprsading pro-
tibdility (n thes lower "platsau®™ inorsasas ms the total
pressuras (s dexxaased,

An oaoiliossope cosexrvation of the tima-dalays batwreen
tne dischirges cf ssgmants C and K disclosed that tha.dalaya
in the lever platsau regions ware less than 10’8 893,
rhereas tie dalsys in tne upper platasu {cr G-¥ region) were
predominately of the crder of ssveral ricroseconds dapend-
ing upon ths aprlied voaltege and the gas mixture utiilised.

In v..ew 0of the oritical voltagu appendence of gan
empliificasior in the p=cportional regicn, it eppeers un-
~ikely thut the spreacing in the lower pletassu regiony can
trise froil a chain of photen-initisated aveianches along the

Lengih of segmen:s D through J. If guch chains existed, ws




slNuuld WXpeou Lnu spreucding probablilities o drop oIf
rapidlyr velow thu knees oF the gurve, rather tham %o
level HIf, asg ocuarved, The moat plausible explanation
for th: lsvel-oiY of tha ~uzves at low veltage seems to be
that a small persentage of the photonsa generated in the
discharge of segmants A, B and C pensirmte the full length
of the gas column in the intervening segments D through J
and release photo~electrons in segment K.

As the sprerding of the 3ischarge along the lsngth of
8 G-¥ counter is propsgated'by photons, the uniformity of
the spreading must depend osritically urcn ths photon range
distrilution. Thus; 1¢ would be expected that the sharpes
-of the current puvlses veocwring during intervals of electron

scllection should display Jjegged discontinuities differing

in the discharge.

Sugii discentinuities havs been observed with a number
o gounters tested in this leboratory and seem t0 have a
reasdnable explanation in terms cf the presense of long-

range vhotaons.

babhrvior of G eountars

Czvtain other anemalisa in +h

0

‘in particular. the vrcdustion of multiple pulsss in largs
)

diarmet:r counters sontrollaed by the Porter and Ramsayé’

dutoff sircuit! zay Aalss be related to the generation of

lcng-raage photozz in thz discharge.
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Lo PHOSFHCRUSC=NCE SRUDIES

The Aipha Particle Induced Phospihoressence

of Silver Activeted Sodium Chloride

Introduotigg

In ssvaral sarlier communications. the writers have
discussed %“he fluorescense and phosphorascenage of NaCl -Ag

oalo2)

irradiated by nuslear particles 7'ta rhosphoresasn?®

e "fTects havs als> been studied qualitatively by Furss

&2d Kallmaaa) anl by Bletmen, Fursi, ani Kallmann“o The
light emission is xnown t¢ ocour 1in two bands centered at
2500 A anl 4000 A, respactivalyz?S)o 1% has deen knowi. for
soms time thet thzse Two hands are emiiied when ultra-
violet light is employed &s the primary axcitan%S)o A dim-
c:ssion of previous papers on ultraviolet excitation of
NeCl-Ag may te found ir the aforementiorned rgferencaﬁ)(

In the presant investigation, the phosrhoresscenue of
ReCleag irradiated by siphe-particles &nd ultraviolat ~ight
hrs Deen observed, using ae detactors photosensitive Giliger
counters, KkUL-1P23 photommliiplier tubui, and RCA=-58.9
piotomultipliers.

Tha 5=} tubss wsre zonstrucued of s)>pper cathodes,
and the pansphors:acent emission was uswily intredusad indo

t.a8 counters through & thin window of pyrax (3 mg/@m%} or

tiwough a sids wall of thicknass one miliimeter, made cf



Coxrning 97435 z2izmoss The counteys enploved exhitited &

waxioum of sractrel ceuponse at /2500 & with no dstsss-

able respu-se Wrelevsr sioove . B0 Blﬁ 1naquren~ent with
the C-K fibsr ihus eim3 constituted observetion of tie

decay of ihe shcri-pave band alena. T05F the stgengas:

R s T o

rhosphorsvs&nt siuxasis usec, the counitinp-rete of ths
pnotesencitie C ¥ tubsy opred to covnilz-iay bacrerowmna
vien one nill.imeiur of softv glacsy was inserted bhefora

tie sounter. indisating only response i the ultrovislak
0. the short-wave band.:

The RCA -981S photuamluipliexr was iiililred Tor da-
tnction of the ling-wave band. Althiw,.') these tubesa a.s
not expect:d to respsnd below 3069 . o militnesers of
8)f% glass w-rs iaterpcsad between sour:s ard phototub:
as an aiddi;i.nei orecauvticn: Ths IC cu.rent flowing 1:
tihe photsoiloipiir wag %aksn 8s a mearvre ¢ the phog -
phorescsnt Lutensity. The surrent was sasuved in a 8%

galvanometix (T = ¢4 se. .. &nd nsasuren:nts ware not Jomn-

msnced uns Ll sevsal ssconds aftar cascation of ixradi tion,

g) that bsiilstis sorxre-ticne were amal ins deflect. ok
¥ the galvaiometsr arvi¢ tha ra2adings of & stop-watih wers
rhotographu:d simultanecutiy with a SeplL czmera. Measure-
ments with ar RCA-1PZ8 tvbx ware a’sc sorried out. "hi's
detector Lo vensiiive o iighv emiited .z both bancs. The
d: ;8y curvi: «f 4$ha combired emigsion c¢f both berds i X

rferess [ox reasons te & latver discuiiosl.
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The marsnvoanta 3? tha rresent panay sre aon-
cerned with the aormal unstimulated phosphorescent decay
of ¥aCl-Azxo Thiz type of phosphoresieai deasy is tc be
distingrishel HNnm thet azrising from thz release of stored

6) and photosbimulationv)o

light by “hexrmostimulaZion
In gonexsl, the rroperties of two types of crysials

viere inveotigestad. Single crystals of YaCl <+ 1% AgCl

vwere otta’med from the Harshaw Chemical Cc. (hereafter

referred '¢c as 'larshaw"), and polyorystalline melts cf

HeCl + G.%% AgC. prepared at the Bariol Research Foundation

{ nexrsafte: refex:'ed ¢tc a&as "Bartol").

Hasults

The csony of Nall-Ag {Bartol), irrndiated by ultra-
vialet lipht from & germicidal lamp is shown in Figure 1.
Curve A si;oms the decas of the short-ware band as maasured
in a Geigor czurter; aud owrve B the d2:ay of the long-
~ave band ’s obscrved vith the RCA=5819 tubs. Tha <wo
curves war'e oLtsined after succassive irradiations of the
szma melt, the conditions of the twe irrndiations being
identical: The sxcited ogrystel wee carsfully totally de-
sxcited by photertimulution befors the sscond exposure to
the ultratiolet sourse. The curves ars log-lcy plote of
the phosploregscert intansity versus the tims. A% large
values of the tine, tha curves are seen to sssume & slope

of ={2.63 + U.0%, on the log-log plct. The usvel "powsr
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< TTTITY rorrrrrr

AP C

—

F'—T

T T T T T

C-M TUBE A

P2 B

PR S U U ¥ R §

| P -y T L Ll
a: X

-
i

TiME - MINUTLS

Figure 3 - Bartol polycrystalline moss Irradioted by alnha poctic]es,

The uitravioiet bond, predominant in the 1P28 ond detected
olone in the Gelger, decays with the skecpsr slops,
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sansitive G-M tubs, B and D the decay of the long
wove band as measured with an RCA 1P28 with filter
and on RCA = 5819 phototube .
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where, theoretinally, n does not exvced o A swvey of
the available I tersture has shown that nsgative sicpes
oi' more than | -} are :sldom cbserved. A sliepe of -2,09
g been aeporzndaj at 80 € in the descy uf 2mS exsitad
by ultraviolat " lght. All of the measucensnis of the
rresent puapax wo e peySormed ut temperatures lsss than
% Co I the particulsr case of Figura 1, the deeay
surves fo.- the %wo emission bands have the sams slops and
The sams penJsra’ shape, indicating that tha elsotirons
which give ris2 %0 the twd bands have u common origin in
the same yUrap diatribuiion. A3 willi be suhssquently Ssssn,
not a1l of the orystals sxamined sxhibited this prapertyo
The pnosphcresceni dasay-curves of a single crystal
(farshaw) are shuwn in Figure 2. The primaxy sxsitant was
in this c&se the alpha-particles of poloniuvm: The =ams
crystal wes irre liated repeatedly foxr five secsnds at =
time to ot%tain tue curves, The scurce strength mag
twenty-five nillicuries. It is thought that very nearly
gzmplete ¢a-exciiation was obtaired betiween sucasszive
bonbardmerts. Tie curses are .etterad in chronological
oxder. The shor.-wave hand detected with g rhotosgengitivs
GCeigexr eountsr.iz seen (o desay with a negatlve slicpe of
~~ 2,38 whoreas he long-wave band ay roted in phitotubes

cacays with & slove of -31.82. A slsver mode of denmy is alise

©9
e )o

ir evidenty «f tig approximete form X = I ¢ o Siinga the
algolute value o the nsgniive sicpe 18 lsss than ., this

wode of desay caould nei persist indefin tely. A Iiksly
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in%crpretationg) is thet 1% oszwrs in & "transitior region®,

A polyorystcllire meit (Bartol) wes irxadisted ¢tlnee
“imes with aipha--particies to cbtain the curves of
Wigure 3. Cuiwve A is 1the decay curve o' the short-wave
hand alune in & shotosensitive Ceiger csounter; Curvs B is
that of ths two nands nombined, and Cuwrve C that of ths
dong-wave band. The similarity of curves A and B shows that
although tae spestral xresponse of the 1P28 is such as %o
farer the Long-wive band, the shorti~wave ona is predominant
because of its greater intensity. As in the cass of
Figure 2, the vltravioclet band appears to dacay with the
steeper sl:ape.

Since considerable variation in silver zcontent has
been noted in raxshaw crystals, a second one was irradiated,
and the dezay cuxves of Figure 4 were otieired. Here again,
it 18 clear thest the decay slope is zrester for the short-
weve band os detrected iu the Geiger counter and 1PiB
v/i<hout filter t..an for the long-wave band &8s measured in
ths 5819 and 1123 with filter.

Figurss 2. 5, ané 4 show & tenduncy toward stesper
slopes for the dacay o the short-wave tend., TCLesay-curves
of several other single orystals (Haysher) not inoluded &
tnls paper substatiate this tendency. No fast rule oan
t® develop:d, howiver. The curves of Figura i are an ex-
ception, aad ir ihe course of studying & orystallins mels
{3artol) &t the :>nclusion of these reasurements, & rsverse

trend was sncountvarsd. Slcpes 0f =2 wers obsesrved in the
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desay of the long-wave band wherras the absolute valus
of the derry of "he shurt-wave band ¢id not eyresd 1.5,

A geraral zinsiusron vhich can be (rawn from thess
measurener s i *hat fur a given set of conditions of
exsitatior, {tha “wo bands decay with dji:fering power laws.
I:; has besen prav.ously shcwnSj that the long-wave band
arises frea thi: resen:z of paired silv:i» ions in the
crystal lpustise, I¢ 14 concluded that the txap distri-
buiien asciciated with the paired silver ilons is different

frim that ralate’ To the single silvar ionu*o)o
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ATTn R T A Tl (A Wy PR RN AY: B SN AANYY A IS
PITE TARCT VAN BN OGRAASY GEUEBATCR.

-

At the Rlnm oy the Jasd yeporb, we were In the

nrocass of installing the 3axtel lom source indo the

vest mestien of the largs genexrator. Thoto #1 is &
photogyaph of the lonm sourscs and allizd cirgulitry as

it apreara in the genaxratar. A description of the

set-up snd data on the rerformange avpsers in e ssction
entitled "An R. F. Ion Source'. Aftsr having pasasd
through fourteen fest, howvever, the b2am was about

3/4 inch off asater.

Following this installaticn Turtnsr tests wers c:n-
dueted ralstive to the tuda2 behavior with and without
haffles. Becsuase of the ff-centersd bsam, however,

N8 were unable to bring tihs beam through the 1/2 inck
holea in the bafflas. The resason for the off-centerel
beam was determined tC be the result o* a bend in the
tube caused by & misaliignment in the t.be assembly gig-.

In additicn to the band in the tude, too much Vyawl
Seal had been used in tha assembly and net enough care
nad been taken %o keep the tube clean. Conssquently, it
was daclded to Tabricete & second tubs.

This also gave us n hance to chaesk the behaviox
of the ganermatoyr withou a tuba. Whi'ls ths tube wus in

with the sourss operating, we made & voiltauge 2ulibraticn,

1 1 T R N
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vadng ths Jiivos ) suovion. vhuz. with the weitister
anLdbra st wa imre Rble Lu met oan aamarate vnlie oh
thes limis of Yhi guneretor. ith CuF pressura. The

genszato- operaied very wall at * Mev. whersas at
5.25 Mer svarking tegan to taks pluaves netween tha
rings. [nsofay as 3 Mev on this saction represanted
10 Nev :lor tha ull mnchine, we 4id not inorease the
pressure to attrin higher voltages.

The resistors bstwecan the sgquipotintials were
nodified duvring these %ssts., As previsusly reportad.
tre IRC bsrner nole resistors had bdbeen changsed to
SS White ressistors. Twelve SS White rasi=tors wers:
requireé to rep.amce the IRC resistcrs. This was ori-
ginally Jdony by scldering knobs on ths ends cf ths rs-
sistors, satacki:g thess inside a glass tub2 end then
putting huttons into the ands of the iibe. The whole
rasizto: mas thin preseed together by the zpring ir the
holder ettachsd to the squipotential. This push countuct
ras determingy ¢ be inadequate; conssiquently the knche
veres all solder(d together. In the final &ssexbly tha

-
Y

wiras of tha ra:izatcora s&rn apldercd in%o o ginas

- C.9NE 2=y
=3 S awm f e U

The tube o.nnectcrs have been moa.fied twice :sin:e
the mcd:ifiratior last repoxrted. Thesn modifisetlions
have been mide ‘n ordeT to Tid the raistolr surrens

readings of little kiogs., Originally “he connsctors .ers



2duopg shalalnos Svesd soringys whiceh rostsd o the
slantrodco of ths wubs, the 3we snds of ths spr

o ale N & 14 ; G 2 =y PPN I . oy mes s P
baing sennsetld e the squipovential. Thass ware cneangdd

t0 Sno¥y spriugs, one snd of which wee conneasted to iths

aluminun shields were puti over the springs, one sné of
tha shizld beinx eonnected to one ard of the springs snd
the other end Yree B0 that any current still had to pass
through the spring. The difficulty, however, with these
springs feems to be ths inability for them to teke high
{requency surgei., Finelly, the free snd of the shield
was connseted s thnt the shield now shorted out <he
sp¥ing. As & risult, in the final sssembly the sicinless
stepl.aprings w.1l be veplaced by a coupla of turns of
#12 aopoar wiras.

Ths naw ture seciion turned out vexry well. Without
any bafflas. stiady vcocltages up to about 2 Mev were ob-
tainsd afier ruining tor some 5U houvrs; any effect of The
bsam on the voliage was not observad., Following this
teast, 8 bafflie :0onsisting of three ovarlaepping annular
rings sazh supporrted by thres arms were insertad irn ths
three elizctrodes in about the middle of ths tubs. After
a few hours of :-unning, steady voitases of sbout
2 1/4 Mav wexa ibtainad, which is net an epprscisble
gain over the ciss without the baffle., Nevertnelsns,
thers wmua esria .nly nd inverse sffect and, =f souwss, it

is possiple thas the ilimitation ia net dize 4o tnhs icading.
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Tha nstusnl langth of the sesalarvating tube in thas:

<'a
<0

taats was & Ye

(<]

In sonneciien vith the (uwbs losding zi¥sgt
_ Gieo. Qupper plats:

wag plazed at # 457 angleg in the mair tube plumbing

the diffueinvn-pump-baffisa
system; the angle was such as to prevent any back-
diffusion up irto the acoelsrating tubs proper. This
plate wes conneoted to a 3/4" copper yod which passec

cut of the vacuvum system through a Kevar tube. This.
plate was -- first, conled by a dry-ice-ecetons mixtire --
sscond, brought to room temperature -=- third, raised to
about 200° C. The voltaze was brought up on the mashine
for euach condition without any beam. During all the
previocus tests very little vacuum effagt was observed
with increase in voltage. In the first cass adove,

there wes an appreociabls increase in vecuum with incresse
in voltage; in ths sscond case, thofa was no apprecisbls
effect; i1in the third ocase, the effect was again obscrved.
Undoubtedly, if still higher temperatures wers tried, the
effact would hsve decrsased again. The reascn for this
sffect does not ssem difficult to understend, but ths

faot tﬁat the ground-snd of the goenexutsr extends saven
feet balow the and of the accelerating tubs is of im-

portanca.
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Whoe Sie onli wubs da dnseallse. o bandle wats bo
put £1 che bogs o whs celaveting vUhs O8G0 Lun-
prassor wil) bz pingsd vwdsr this wOfiLe. This will

tend to shield tha scaslzxating tube 1zom the largs
amoun% o1 plumbing swi'fiocee as well &% Te shiald ihs
alagtrostatis deflector piates Ior cernisring the baanm
from stray besam-vartiszies.

The analyging mag;uet has bean =s:nambled. Phote #2
shows this assembly. The magnet is much the same as the
magnet 1sed on the Los Alamos genaratoic. The conitrxol
sirouit hag also baen 1nstalled and the degres of
stability of <ha surrent in the osils is now being
2hecked. Tha gcontrol consists of 2 mugnssium rsaistorw
in seriza with the magnet wilndirg. 7Tie voltage from
this resistor ia compsred with & staniard voltsgs and
the error amplifisd by = chopper amplifiex to controi
the field of an amplicdyne which in twn controls thse
ffeld off the M-G set snexrgizing the zsiis, As may bé
seen fror the photc, vhe magnet is mounted en &8 twryes
to allow for paslitioning ol megnat,

At prrasen3. assemhiy of the comp ste generatso 18
under way. JInitially,. electrosvatiz ssats will bs run
to deterviing thy uitinats voltage obZainabis. Ths
gensraeting volianetux, and @& vonlzage contyoliling aorsiea

prcbe are omplated and wilt be used during thass 32138,
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“Ahdiyeing mognet for large paneratar' .




Ths vasuon syLben Lo alse gsssntially somplets.
This anvolves Ths guppwsusoer, the elastrouitatic baan
nositioning derice, wvwo écis of enargy defining air-
z001l8d siit=s zopabls ef withstending 100 watte per
siit, siits to csllimte the beam entering the magnetl
box, vhe magnst box, and the nesessary velvss.

One other revision has been made in the bolting
arrangemant for the oap of the tank. Originally, nuts
waxe welded on the undsrsids of the flange on the tank
proper, snd the studs were screwed permanently inte
these, Howsver, it res found difficul® t$¢ poaltiocn the
cap precissly over these studs, Consequently, all the
nuts were taken off and a platform installed hslow the
iower flange so that the studs may bs dropped to the
ievel of the Jjoint, thus avoiding the difficulty of

alignmens.



tile LIREAQ ACCBLERATCH,

Antrodustl .
Tha wark of th: linoar cgeslsraionr pyajest has
baen dividaed beitwean iInvistigations ci secondaxy
emissicn from thin metnl Tolis and asngineering impyoveé-
mente designed to impruve The stabllity of ths machine

and to eliminate racsia%icn hagzards to the operating

personnel.

1. Sesondary emisrion naasnremen’;s.

Ths linear BeguiuiAator Is belnz used ae a sourde of
elestroas of from 520 ey tu 1.3 Muv in ths measursnent
of sescondary emissin frin Thin mesn] folls.

In order that he saasondary yislis obtained shall be
sharactirintias of t:e matarizl being investigated and not
of surface impurities, vagsuum condiisisns must be mush
bettsr than those pigvaiiing in the lln®axr acselerator.
Conseguantly. a tub.i, of which & photograph is snowm in
Figufe %1, bhas been dJdezignad which peraniis the injsotion
of iho righ energy cluatrond througr. 2 thin gisass window.
This tube is of a s:aled-off nonatru@%ién with a vaouvum
of bstter than 193? me: Kgeo 1% consiste agsentielly of
Tour sigatrodes, a a7 ipator, a ¢o)lugtor Tox masSuUTing

eatrong enitted Tiop tha: Lecsk feoa 27 ths target, &k

&
ot
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Srap Toy moomawing sk ovienzy durresd end tThi sssondsociss
o the frant Yage af vivs wavygste. Yith the exsertioa

of tha targe? assemiiy, &il of the ziszctrodes ara mada

of graphiie ia oxrder ¢ nxinimizme exivansous sesondary
emissior ard scattering. In the pracessing of the tube,
varticulayr nttenticon hee been given t¢ proper de-gassing
‘of the eleotrodes, aspecialliy ths taxrgets, in ordex to
sxclude surfazs adsorviico phenomens. For this pur-

poze, arn auxilliary tungeCen cathode has been inoorxporeated
Vin the tube to perm.t heating of the vargets by electron
bombardnent.

To date, measw-smsnts havs been nade on nickeli foils
of i &nd 2 mil $nieitaess, Besause of aubiguitvies arising
fron the fast that wixrt of the primaxy besm strikes the
target supporie. on'y 4 lower limit hsas beon ovtained for
the Total mecoyndary ysisld fyom the roat and back fass
of the target. This iswex rimit for ths 5eggndary yield
{about %%) is of considexnble intersst, sinee it is son-
sidezebly hignar thea une would egpeay from simple
theoretisal considezatiorny concexrning the enexgy lose of
tha prinmary bsam.

knginsering impirovencenta in the iinsac acselsrataow

and mcdification of whn c¢oesign of tra Yerget assembiy
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Certain gensyrali &ifTfisulvies with the oraration of
the lineax acceleratiy whish are now being 2liminatad,
have srissn in connection with the sbove experiments.

Firat, becauss 2f the nacessity Tsx changing several
variables auring & 8st of measuremenie, the operator has
to remain in the vieinity of ths accelsrator during. the
experimsant. This renults in a high rete of irradiation
of the operating permornel, and from safety considerations,
experiments rust dbe intirecuent and «f short duratior. This
situation is being corxected by the introdustion of & re-
mote eontrol sysiem.

Soecondly, the stabllity of ths ascslerator ls rathex
poor bacsuse of the 7 heailig of the aiscelarating savi-
ties, A tempermiure ciwmnge o9¢ 1° ¢ ama casity vrodusueas
a change of absut 60 k¢ in iis resonsnt freguensy. Be-
cause of the high Q $his snail shange produszes a large
phase shift ‘zbout 1/2 vadimi). Thus, 8 teaperaturs
difference, batwsen gavitize, of a few degraes C
ssxiously upsets the phasing sonditiona and is accompanied
by & drop in the output enayxy. This situation has besn

remediad by weter-eouling the cavities and magnatesn.
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Iraavison of a daxrse ¢ whiie wish aiy-aaoilng, She
ghange is about 19° (\, By this msan: tha PRATI-UR
pexriocd has bscn redused fioom sne hounr' ¢ & few minuves.

A third Aiffiovity hia been ezperienaéd with ths
dielsotriec phase shi!tirs uassd to lond ths wave-guide
iﬁ order to obtain the proper phasing conditions in the
cavities. Ogceasional arcs in the mava-guide asausad the
decomposition of the rolysiyrens rhasa-shifters;, and a
genexal cleaning of tan wave-guide ard cavity-windovws
was neasssary sfter sevarai runs, becavse of a8 thick
depositad layer of dzeonposition proeéuncis.

After aevwersl itusiy oY othar diclsetrias, halcgen
substitutad hydrooarioii wure finally found to be avit-
able in their microwev: characteristias, and in theix
resistanse o arsing. Thurefore, the polystyrene phamss-
shifters warez replaced :y <nes made {rom Teflon.

A% %he present vine, Juwr effort s axe directed vowmard
full remota acntrol of the a@oglerator“ in oxrdar tc ex-
ciude aii ncalin hasurdg «.d toward .symtinuation of the
segondary walssion euporinenis. Movsover, replacsmans
of worn-sut elasctronis squipment gsonsiosting of modified war
surpius zen:r whioh his caased fyesgquen: fallures and delays

in operaiisnt ras bee-. ctacied. In soinestion with thesa



ok

modifieations, tha edddtionnl alx eavitles whish will
ingreass the vubtray eoergy of T accslaraiar up ¥o

4 Mev sawe bheivg providod wiih waler-oonling.
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INTROISTIOR )
Datarsiuatione of megotion meann Life have baen mads
by 7arious mathods with varied rssults. Soms melthoeds in-
volve Mnowladge of the rslatlion betwsan the abgorption

“powara of gzeabt thiskrarassg of m&bariala3o Othera have

L BRI e e TR s AT R R T AP SO IE T TD C e AT T T T - (3 SSC A U BT Case L e BT RGne EIeSA B

* A=zgiatad hy tha Jolav Fr;g?am af the ONR snd ths AEG,

i) The thsory of the method sas davaloped by ths sanlor
auther, {W. P, 0, Supnn), and the apparabus was do-
algnad undey his diregticy dY ths junlor author
{D, %, Sayaour) who alss took the initiel chusrvabions
&% Sromsndoah Park. ZThe sussequent roubline data wers
takex by Hr., Harvey C. Taylor,

2) T. H, Johmaon and M. A, Ponerantz, Phys. Rev., 55, 104
(1932); slso M. A. Pomerantz, Phys. Rev., 57, 3, {(1940)

-
= e o T cnmmerT T3 TR Tyt SITRISTN. Rrue CATOSE SR wrr iR > 2 s . roy

e

lnvolved cemparigon of wmessursmentep mado at different tinmas &t

P2 '},- P /o=
different altitudss and localities-’, Moreover, ihsys are 4 .de

Armm.. = B B i e T AT 5 e BT STrouTaes 3 IPwe —— Braasd A A -3

3) B. Roewnd:, N, Hilberry sud J. B. Hosg, Fhye. Rav., 57,
461 19“0)
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diffarencas batwasa the pesulés of diffsrent ouservars~/,
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) W, H. Nielgen, C. M. Tyerwon, L., W, Nordhein and X.Z.Horgan,
Fhys. Rev., 59, 547 (1941) give a valua of 1.23 miocro-
gsoonds, while M. Ageno, (. Beraardini, W.B.Cacsiapucti,

B, Pervetti and G. O. Wick, Phys. Rev., 57, 945 (1940) give
values in exoess of 4 miorossoonds.

- P wTTIER

In view of the foregoing aituation, the authors have
plannsd and carried out simultaneous measurements at different

altitudes in thes pame logality. Morsover, it has been fslti

necegsary Lo interpret the cbssrvations in terms of & more
‘preclca theory than ssems to have bsen used heretefore. The
deglire wag aleo to verify the variation of mean 1life with nomen-
tum since, relativistioc arguments notwithstanding, thers oould
be senss to a siltuation in whioh the variation in question did
not follow the relativistic formd),

5) 'The reasons for thess oconaiderations which ars not primarily
relevant to ths present paper sre given in a pgemi-glassified
report of limited circulation.

EXPERIMENTAL ARRANGEMENT
The general plan was to opsrate cosmic ray telcscopes
abt twoc different aliitudes, with various thiocknesses of lead
absorbers batween the trays. It was necessary to compsnsate
the mementum absorption of the additionsl alr above the lowar

telescops by inserting an additional esguivalent snickness of



s

losd in the uppsy btolssasps, The thlokacsn of 1L Yeoupangabor"
is dotermined by the followuiung considoxasions, If Inis the
thlckness of uhie dlosk of le2ad in bthe lower Lalescops, ths

botal thickness Lp in thoe upper teloscops mugi be such that

the momentum necessary to penetrate L, is equal te the momentunm
nagsssary to panetrateo Ll plus the alr column bsatwesn ths upper

end lower telescopas. If thls conditiin ia satisfied, then in
discussing the penstratiom through the lead of thickness L;, we
have simply to consider that portion of the spectrum whioh, at

the high altitude,would penstrate J.; plus the ailr equlvalent addi-
tion and attemete 1t by wmean llife considerations in accordance
with the caloulations to be presented later. It will later bs seen
that the thiockness of the compensator dspends in principle upon‘Ll-
as well as upon the mass of the alr gcolumn, The dependence upon Ly
is, ﬁawevern very slight, so that in practice, a single oompennaﬁing _
thickness gerves for all valmeﬁ of Ll smployed,

The oompensator,which comprised 14 oms of lead, was placed
within the telesgops. Arguments have been given for placiag the
compensator above the :olauoape3)” these argumsnts beling based on
the fact that the air which is being compensated is also above the
corresponding telasnops. Howsver, the real disturbing features,
such as scattering, showar productiion, ete., play an entirsly
different role in the mmasursments for a thinly disgpersed medium
iike alir than they play for a denga medium. Oa the other hand,

m3gotron produgtlion in bh@ lead ibaalfﬁl may be serious in tha

e~ ! -

6) K, Sghein and V. C, Wilson, Phys. Rev., 54, 304 {1938},
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The howisontal dighones Bebosol the swe stpblons war ook

8 wilen,

WHEORY 0 s BXPERINENT

e Coppsnenbox

I Ly ds the ivaeiwss ol leed {in mopu per unlt sree
untdbe) In the lower Gelepuup, qé§p} bhe losa in nosonbum {(p)
pay unlt {moes) Shishusss iu Yoad, and AL o 18 LBha nomentuma
necssenry for peastraticn of tne lead of thiskness L, Ghen

Py ig duterainsd by

P
| o= [ e RQ;
('} ‘

The thioknses of ths uppor blook L, sust be suoh thet
[4‘?"‘.{(:'[# ii;?! ﬁ - .
ﬂ P g j&g (EgD

=%, i A (%)

s ¢

whiais By i bthe wmomevitum Lops of @ way vhich,on paassing

throeuph ohs celuom of air of thickness h, snds up wlith momemtum

Dy the guentlty b being 6he mans  por wlt of arca of the

alr bebusun The bwo Gelssocpss. IF &his condlilion 4 satiafled,

and if Pa is the rpashbral distribublion function for the

Waghsy aliisnds, ths rays which penetreilc the uppsr and lowor

L Feesmd Gegal, Vikgdnis delevpvion a9l fach

L
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tzluocoopas will be detevelned prospsoblvely WY i, ead #,, whara

V) .
& N [ ey
NJ 3 %,. (Kﬁt’-‘:)(ifgﬁr )‘j gk’{f - J; %k f 2% ( /f;‘a) b
\,?1:&} r{.{ﬁ] b . ?\13 &’. ,th

a1 wners ap ie an atbamatlon Tagtor detaprmlnsd sntiroly oy
maan Mis congldasrations,

Ig féip) L3 the Joss in mouentum per unit (vsss) thiskosse
i the alr, and By, ig ths measntum, ab euntyy,. of a rway whioh,

a¥har passing through the mase thickness of uly, hea Bomantwxy

144%
j e (3)
v & }(‘ W) (P)

i

P, W3 have

Inlp detarmines b, 88 & tunatior of p and k, 8o that phb(x:phwpb)

¢ datermined in terms of pp and h. the valuvag of @gip‘ End

fgip) waire obtained from the caljulatione of Rosel snd Greig&n?}

e - S e FES wemrane DEPVEN e A DA IR TPLANUA S5 s ST A LN p RS

7} B, Boss! and K.Greissn {Rev.Mod.Phye., 13, 280 {1041)),
inene BULNOra glve 4B /dx' as a function of momentum, whers
E' is in 3lsotron volte, womerium 16 Ain e.v/0 units, apd x°
18 in grems per ome, To coavert E' to mooz unlts, ws mul=
tAply by a/300 wyoé. To sonverht momentum Lo mgo units, we
multiply by /300 myel, cnd to convert de' to 4x, as
measursd in ows, we utilize the data obitainable from ths
Government's publication "Thes U.S5. Standard Atmosphers',
Now in opdinary unlits, ths momentum loes per sa -4p"/dx

is related t¢ the snsrgy loss dR'/dx per om by
dp" . L. dE

dx ~ ABc Tdx
If p and E xefer ©o m,o ualis and mge? units respectively,

H i e
o L Gt dED L A&
fa iF) = dx = Amgr dx 4 Td

awes e R e Vs et mead . -t g e VAo



The compensacor thislmess is, of courss, Ly = Ly; end in

priveiple it dspands upon Py, bub in prastics the depsndenss

is vary sl ‘i\.gh?m

8) It turne out that for thickness of lead ranging from
10 oms to 60 oms, the compenmatcr thickness sltered by
only & per sent.

The Attenuation Through Mean Life Considerations.

I Anz(ﬂz( p)dp} is the number of rays having momontum
betwaen p and p + dp at the higher altitude, then the group Anz
suffers attennation due o dsczy on its Jjourney through the

atmosphsrsa aocording to the law

(&.%) - ,A'n, | : @‘)

where dx 1a an element of path in oms, v is the veloclty ol the
va at a point in the path, and § is the mean life for the

velocity v. The momentum p in m,c units is given by

v/e
L7 SYe | &

Hencs

V= ""‘ﬁ—"" (é)

If we assume the relativistio sxpression for 7,

% i .
° T (4%

T ———y =
vy



whara U 348 the rest wsan lifa. Henoa, from (&), (5) and

(6), we have, on integrabing over the path h, hers sxpraossad

in omg,
",
D g [ g
Aty c f” ;p
finee, with £ip) referving to the loss psr om of air,

d —
a'f" - Fw (‘P) _ (%)

we may writse (?7) in the form

Ph
ATy d. § |
A'n-, == Ei\'f" C]; Cgfq, (g-) . (Q)

" whers p 18 the momentum above the lower telascops of & ray

whioch has momsntunm P, &t ths lavel of the upper telesscopa,
and where ./ hsve changed the variable from p to § in order
to avoid confusicn with the linits of the Lnbeéralo Since
Pp i8 & funotion of p and the altitude dAiffarenca h, ths
entire integral in (9) is a dsfinite and oaloulable function
of p, which we shall oall W (p), so that

_ (™ 4 o
1#6*% “”!%E 67§jﬁ;”?§5 : (? )

and

i

A = Exp (v )/

~p (B )
LAn, = & ¢ ,/%'F% (%ﬂ«jbéa
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If ¥, is bhe aumbsy of w»ays wvhich psusbrate Bhe uppar

belagsope with somnpanentor, and whoess momantum for pone pratlon

NG )
&,#)3,

and if ¥y 1is bhe number of rays which penetrate the lowsr

N > -y ()b
N, ::;f N :-zfe-w( % £, (P)p (%)
2 k!

Let s&@))be soms indefinite integral of Fzﬁp)dpo Than ?2‘ (‘P)

is p,

telescope

is undefined to the extent of a comstant. However, for

any ohoice of %, ( )
d (
( ) — %, /..

and | ' 15)
”z:‘?z(w/”*zU/ ' -
= [T ag
3 dp
A O RN SN
- e }P<Jf>"/ér(‘> CFR) (@) + —c-“{‘: (&(P)e “IV'(,P)CLIP (Ib,l')
Pa ®, -

Now although .fp%is undefined ©o the extent of a constant, Nj
is ob¥iously indepsndsnt of ths schoiase of the constant as asy

be ssen froz {13) or mors fundementally from (1l}. Now
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equation (14) doas nob oxpamcitly axhibit I, as lndependent
of the gomsient, but we know that it must be from (12).
Honos, we omn shooge any oonsbent A we pleass in (14). Ye
ghall imegine thoe somatent to be chompen so that %@(&@ =

In this oasa, we have for any value of p ap ocorrssponding bo
the upper telssgops, the valus of ¥ for that Bslssscepe a2

given by

B~ ® BT % (P

Thus (14%) baccmas o /ﬁ”

N = -v(m/ﬂr z‘f— Ne e *y' (P (ts

= & o :
B

where N in che integral referg to the numbsr of rays which
penetrate the uppsr talescops #hen the Lhicknsss oi lead theieln
raquiras & momanturm rp for panstration.

Sines thie vealues of N are known over only a finlte
interval of p, the integral in {15} is unimown except be-
tween much limite P2y and Pop @B those over which N iz known.,
I#, thersfore, H,, and N,, refar to the numbers of rays whloh in
the lower telescope penetrate “wo pleces of lead whose rspre-
sentatives in the upper telesoops are penetrated by Ny, rays
of momentum greater than p,, and N3, rays of momentum greater

that ppy respsotively, then | '
Bb

’ Y RRLICY

Nm‘ { \j‘bﬂ /1( ('T?é a.,)/ér N - zit(’F':zup/ g; ‘o Ne. Y ép)dwp
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wheva N, as already stated wndor the integrenl, »efgro Lo bBhe
uppsx taleasops.

Apsuning susgerive values ef ‘5{1}; , ogquation (18) wag
tested, using graphionl integration, wntll the ﬁé nesgnpary
to sabisfy the sguation was found,

An important Teaturs of tha above analysis lies in 1ts
allovangs tor the proper loss of momentum, and aonsaquent
variation of mzan life during the passage of the masotron
through the alr separating the altitudes of our telescopss.
It oan he showa that 1f the caloulabion had besn made on the baslis
of an average momenbtum for any ray over the air journey, a
significent chunga in the values of 9, ocaloulated from the

dsta would havo resulted. In spits of the fact that an

*integral methe&“g) has been used in deducing the valucs of 9,
€3

- S

9) D. J. X. Hontgomery: Cosmig Ray Physiog, Pages 210-211.,

from exparimental data, the method makes no assumption as to
the form of the spectral distribution of the mesotrons. This
distribution dictates the values of N, but those valuas them-
gelves depend only upon measuremsnts.

Results.,

The measursd absorption curves are shown in Plg. 2. The inbten-

gity 1s given in goincidenoces per minute snd the absorbsr thlcok-
neses in osntinetsrs of lead. In the azege of the uppsr telessope,

the absglsse reprssents thisknese in addition to the 1k conms
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alus o, = 196 alectron massss {1.00 X 108 8.v/0). s have chosen

Llsobron messse, the velues of 4 given in the Thble woull be li-

Y

noapaanbivg absovhar,
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2,33 = 6.28 20 - 40 2.4 4 0.8
4,95 ~ 9,10 30 - 60 2,2 + 0.8

}

2.33 = 9.10 10 - 60 i 2.3 4 0.6

eyl

Tehle T shows vavious values of G, computed for diffsrent

aglone of the absorption ourve, Thene caloulablions are bassd on the

shie value of m, bscause 1t ks the velus which has heen nssd by most
“ornsr ghservers wibth whoss mansurensnts ih is of intersat £0 compurs
ne resulbs,

It im easy tO show Uhab with Chis value of m, & 10 e gent
AIPsass in m, oorresponds o a ¥ per geal lncreass in Lhe valuo
;4 %, whioh would ba oalonlutud from the deta. 'Thus, if we Laks

na value of a, mora ueuslly acegpbad al prewint, namely, I, = 212

esagad by 5.5 par oent.
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The congistoney of ths valuas in the Tablae for different
portions of the absorption esurve ig iluberpreted as confirmation of
the selabivintie varlatlon of U with p, namsly 9= (l + "ﬁf')%”
If the Llifsetims verisd by soms othsr lew, fopr axamplan‘T%q:<Ff$?)§%
then it can easily bs shown that the value of q; for tha highsr
valuas of p would ba about twise the valus for the lowsr values
of p. Such diffeysnogs in the values ot‘i; as axiat for the
differant ranges of momentum are small, and well within the sta-
tistlogl uncartainty, yet they are in such a dirsstion that if
the variation is real, it can be attributed to ths sffect of a

non-decaying component.

Comparison of Results with Those of Other Observers. Our
results are in-olgse agreement with the valus I, = 2 X 10~5 sec.
found by Rossi et al3’, ueing »n similar amethod foundsed upon ob-
servations taken at two differunt mltitudss widely separated,
howsver, 1n posltion and time. They are, however, quite different
from the result T, = 1.25 X 10°® asec. obtained by Nislsen et al®’,
agaln by A mathnd invalwine msoourcnmsnis wi aillerent Gimes 1in
the same logallty. Nislsen's galoulatioms do not take ascount
of the change of mean life resulting from the loss of momentum
of the mepotrons as they pass through the air. However, wa have
recaloulated a value of |, from Nielsen's data as given, the calou-
lation being made asoording te the theory outlined above, and while
the value obtained differs appreciably from that saloulatsd by
Nielsen, and in the sense to make his results harmonize more ¢lossly

with ours, there is gtill a wide diacrepancy. Nielssn's result,

as ocalsulated by cur mathod, is q;:=.1,7 X 10*6 S60 .
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Tho Gen~fay eetivity dn tin has bean assipgnad )
12 . . ' 2
Si° . Speetwewmoivis ma%gur@maﬁﬁﬁ'b

s
havg yislded wazimmn
bata-ray anewgics of 2,37 + 0,02 Mav and 0.406 4 0,01 Mev-
The spsctrvm oY Loveyr encrgy sas estimpted %o eontain Plve
percent of ithe Lol bets wediation. A gearch wan waée oy
The gamma yediation which should acsompany the batae rays of
the inner group, but becruse of low intensity, none was Ge-
terted DYy tha spe@trommtri@ rethod. It was mmnﬁi@nsdg how-
ever, that absorption meusuxcments in lend Iindienied +he
"pogsible preassnce” of a gamms yay at 1.5 Mev.

During the past fow: yeors, four dli7exent quonsitios

a4 aad

of metallic tin, Ywo isoiopieally consensruted in Snl
“two of naturally oceourring tir, have besn irradlated in whe

Oak Ridgﬁ pil@s)o The following chemical prosadura has besn

L$ tin Was cissolved im HCL «nd
carriex, Sb and Ta solutions wers added. Metallis Te prucipita-
ted at onoe, and Sh was pragipituted ag & ametal hy addition of
powdered Fe to the hot 6N - HCL solution. Sa end soms Fe wers
precipitated fxom the filtrete by additicn of mstallic zine,
This preeipitate whs disgcelved by HCL, oxfdized with HQQQQ

snd Spn and Fe were separeted by addition of ¥aOH to exeevs

%0 form scluble EmQSmﬂﬁ and insoluble F@K@H}ﬁo Th@.filtzﬁt@

was acidified with HC1, them nrade alightly smmonimoeal, pre~

eipitating Sm@QLKH?@ which: wes ignlted to Sn@?n




A gamnn vay av Lo7 riev was noted n tha vin froctiza
i 1948 but wasp diumizused az the dntense hard gamma cay ¥
Sblgﬂo Hoxs wessuily this gnmme xay hns beca obssrved ia a
coeincidence absoxpilon evunting arrangement, and the -juzyiua
enexrgy has been mensured as 1,67 + G.10 Yev. This colanel-
dence absorption curve ol the seeondary olestrouns of the
genma Yay was obsexrved yopscruedly foxr feoxyy édays, and ihs
crdinate valuey weve ohscyved to decay with & half-1ife of
teon Aays.

A source of the tem 4ay tin was ploced in & bets-gamns
coincidence gounting ayrangenasnt, snd besa-gempa soincldunces
vere measured s & funetion of aluminun absorbexr thickneas
before the Heta-ray counier. The date are shown in Flgure 1
whexre the bata-gamma coinsidence rate is ssen %o decransg 4o
gero at 180 mg/hmg of nlmmivrum, indicating ae imnsr bota-itay
group 8t ~AF0.% Mev. On callbration of the bets-gammse
@oin@idenéa counting arrangemsnt with tha reta-gamma

'cﬁimeidaﬁ@o rate of S@és

» thae beto-gancs colncidencs rats of

Pigurs 1 indiecated, om estrepolation te zawe absorber thigk-

ness, that the pamrn way a¥% .67 lev is colocident witn

16 + 2 peresnt of ths betae zuys of the 1U-day Sﬁ12§n
VMeasuremsn®s by Boyd srd as&ociﬁta§$) at GCak Ridge,

smploying a seintillatvion sysstromster, yield a guanium

arergy of —~J 1.9 Hev for thiv gauns rey.

o .
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A Radiofrequency Ion Source*

C. P. Swawxy anp J. F. SwinctE, Jx. §
Bartol Researcl Foundation of the Franklin Institule, Swarthmore, Pennsylvaniu

{Received August 13, 1052y

An rf ion source with transverse magnetic field giving 50 pa of resoived protons with a gas flow of less than
1 cc per hour and with a power input of 150 w is described. The effect of magnetic tield upon power require-

menis is discussed.

With increased gas flow resolved currents in excess of 100 pa of protons have been obtained,

T'1 was decided to undertake, for the Bartol Van de

Graaff generators, the construction of an ion sourze
which meets the following requirements: a proton
current, continuously variable up to 40 pa; a gas flow of
less than 1 cc of gas per hour as measured at atmospheric

pressure; a reasonable efficiency; and a low power

consumption. We have defined efficiency in this case
as the ratio of proton current to total ion current in
the resultant beam. Many ion sources are described in
the literature,*? but none of them incorporate all of
these features.} An f ion source using & probe-cathode
scheme devised by D. Ralph? was decided upon. This
ion source operated at 10 Mc/sec and produced about
100ua total ion current, but the gas flow was about 8
cc/hr and the power input to the oscillator was about
300 w, both of which we considered excessive for our
needs.

It was observed during initial tests that a small trans-
verse magnetic field produced by a magnetron type
penmanent magnet caused large increases in the magni-
tude of the arc discharge when the magnetic field was
adjusted to the proper value. Axial magnetic fields have
been employed in many sources."? However, at the
frequencies and pressures we tried, we did not observe
the effect for an axial field.

When the magnetic field is pernendicular to the axis
of the source, the axial ac electric field, when of suitable
frequency, cooperates with the magnetic field in such
a way that an electron receives energy in both the
upward and downward path of each cycle whileit
describes a spiral orbit in the plane contzaining the axis
of the ion source. The necessary frequency, of course,
corresponds to a cyclotron frequency as first recognized
by Hall.! At the frequency now used of 25 Mc/sec, the
value of B calculated for this cyclotron frequency is
app:oximately 9 gauss which agrees well with the
measured value,

Theory indicates that, for resonance at the cyclotron

* Asgsisted by the joint program of the ONR and the AEC.

T Now at the University of Virginia.

! R. N. Hall, Rev, Sci. Instr. 19, 905 (1948).
(I;gz)ﬁley, Drulrey, and Oppenheimer, Rev. Sci. Instr. 20, 189

{ Note added in proof: A description of the high efficiency Oak
Ridge ion source was recently published by Moak, Reese, and
Good, Nucleonics 9, 12 (1951) shortly after completion of the
source here discussed.

3 D). Ralph, nrivate communications.

AT

frequency and with neglect of damping, an electron
stirting from rest describes a spiral path whose radius
vector from the origin is proportional to the electric
field and inversely proportional to the square of the
cyclotron frequency at any time in terms of the cyclo-
tron period as the unit of time. If the electric field were
given by the electric field of the rf coil operating in a vac-
uum, it would amount to about 100 v/cm, and with such
a field the electrons in our apparatus would strike the
glass vessel in a fraction of a cycle. However, the nature
of the electric discharge in a gas issuch as to resultina
field which, in the main body of the gas, is much smaller
than the average ficld and, indeed, of the order of 10 or
20 v/cm. With a field of 10 v/cm, we should expect
that a mean free path of the order of 1 cm would be
necessary to initiate lonization. Experiment showed that
the discharge became initiated at a pressure of the
order of 10~ mm, at which pressure the mean free path
of a gas molecule would be of the order of 1 ecm and that
of an electron somewhat greater. There is, thus, harmony
between the magnitudes concerned and the fact that
the discharge becomes mitiated at about 102 mm, with
an electric field of the order of 10 or 20 v,/cm, which
would permit the spiral path to develop within the con-
fines of the tube to such an extent as to enhance the
total innization appreciably.

Experiment shows that when the pressure is reduced
to the point at which the magnetic field is operative in
increasing the total ionization, the amount of power
necessary to pruduce an assigned amount of ionization
is less than when the conditions are such that the
magnetic field is not operative.

As has been mentioned, the magnetic field is obtained
from a magnetron type permanent magnet, or from clus-
ters of small magnets as pointed out later. The field
strength was measured as a function of distance from
the axis of the pole pieccs. The magnet was then posi-
tioned for maximum intensity of the ion source discharge.

As the static magnetic field was increased from zero, a
very definite change in color of the discharge was
observed, namely, light blue to a bright red. Spectro-
scopic analysis of the discharge shows bright and clear
Balmer lines with little band structure when the arc is
red. The magnetic field could be varied through several
gauss once the bright red discharge was Initiated;
however, a definite mazimum of current was detected.

636



637

Of course, the positive jons which result from the
imni?.illg action of the glectious aie cairied down b_"y' i
superimposed stearly electric field, and their large mass
prevents them from being affected by the magnetic
field. This electric field is created by a probe inserted in
the top of the glass vessel.

The total ionization current resulting from the action
of the electrons was measured by means of the probe
which was kept at a potential of 2 to 5 kv. It was of
interest to compare this current with the power supplied
to the rf oscillator. It was found, as was expected, that
the ionization current increased with increase of power
supplied to the oscillator, as reflected ina larger alternat-
ing electric field. However, for any given power supplied,
the total iunization curreni was increased by the
application of a magnetic field adjusted to the proper
value. The results in this connection are shown in Fig. 1.
The slope of the graph with the magnetic field is approxi-
mately 40 w/ma and without it approximately 100
w/ma, the graphs being linear.

Of course, we are really concerned with the currents
which pass through the hole in the cathode. This current
was measured in the following manner. The beam, after
traveling along the axis of the apparatus, struck a
plate. It was possible to deflect it by a magnetic field,
and this resulted in a separation into its various com-
ponents, the proton component being deflected to the
greatest extent. Off the axis of the undeflected beam,
there was a slit, and the magnetic field could be adjusted
to deflect either the proton component or any of the
others in such a manner as to pass through this slit and
become measured by a suitable collecting electrode
which was piaced below it. The usual precautions to
avoid measurement of secondaries were, of course,
adopted.

i i i
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F16. 2. Positive ion efliciency as a function of rf power
with transverse magnetic field.

It was found that proton currents of over 100 ua were
obtainable through an exit hole from the ion source
having a diameter of 0.040 in. and a length of 0.120 in.,
the gas flow being about 8 cc/hr. Proton currents up to
50 pa were still obtainable through an exit hole having
a diameter of 0.020 in. and a length of 0.120 in., the
gas flow being reduced to between 0.4 cc and 1 cc/hr.

By the foregoing procedures, it was possible to
measure what we have defined as the efficiency and to
plot it against the rf power, the magnetic field adjusted
to the cyclotron frequency being, of course, in operation.
Figure 2 shows the results. It will be seen that when the
power was 100 w, the efficiency was close to the
extrapolated maximum.

The efficiency was found to vary with the surface
temperature of the glass vessel in which the ionization
occurred (decreased temperature, increased efficiency)
and with the length of time run. This phenomenon may

A At A i th dtla masnse bt blan AP laee et
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walls of the vessel. After several hours of operation, the
efficiency rose to 80 percent at 100 w input.

The focusing of the beam was accomplished by the
use of coaxial cylinders operating at potentials of 5 kv,
25 kv, and 50 kv, respectively, the intermediate voltage
being the half voitage tap on the 50 kv supply. These
cylinders focused the beam to a spoi t in. in diameter
at a distance of 5 ft. The first focusing electrode collected
10 ua, the current to the remainder of the electrodes
being negligible. Total power input to the unit including
probe supply, oscillator supply, focusing supplies, and
palladium leak was 500 w, the power being obtained
from a 140-v, 400-cy generator.

DESIGN

The ion source and lens assembly are shown in Fig. 3.
The cathode-shield scheme is much the same as is
suggested by D. Ralph. The Lavite piece serves the
following purpese. In the absence of this element, the
nositive lons generated in the upper chamber would be
brought down by the field and deposited, for the most

vinwt  sinmmn tho matal nerto o thae inurar and of thic
llu.l l, llll‘\lll TIIL Ilsv etaa i,n.l.ll._) ALL  WEIV- EYSYRL AR S USSR ' LA %D




C. P. SWANN AND ].
lwdl-n)l\' Proft
@
.
OIECTw oF A
macwrte fgio” G
B = L. — 10 05CuiaI0K
“ v samr
a
CLAMS -+
LAVaTE
(s ALUMIEUN CATHODE

—> Gtor{0KV

=« yxpoy

— 0r0-25KV

[—> Q0= 50KV

e 3

F1g. 3. Schematic diagram of the rf ion source and focusing
electrodes. The direction of the magnetic field is shown by the
arTows.

chamber. The Lavite, being an insulator, becoines
charged by the arrival of the positive ions in such a
manner as to discourage furiher arrival of these ions.
As a result, more positive ions are rendered available
for passage through the aperture at the center of the
shield. The hole in this aperture is 0.120 in. in diameter,
and its length is 0.120 in. The holes in both the shield
and the anode should be concentric and straight,
Furthermore, the probe supply must be current limited
for, otherwise, surges are apt to take place which may
crack the Lavite.

The magnet assembly is supported with its field
perpendicular to the axis of the ion source. The support

allaveee fn- wrantinnl n

roncicte n#' A A
LhtiH VeLiilha Giia aois

eretivy Loy

zontal posxtmmug of the magnet. The source is then
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tuned by adjusting the position of the magnet to

obtain maximum power as observed by noting the
current drawn from the oscillator power supply.

The whole assembly was designed for ease of construc-
tion and assembly. Accurate glass blowing has been
eliminated in favor of machined parts. Furthermore,
any one component may be changed without necessarily
affecting the other components; thus, anodes with differ-
ent size holes may be used in the same source and
damaged or worn out parts may be replaced. Since the
focusing lenses are integral with the source itself, the
matter of alignment and installation is a simple process.
The whole unit can be tested on a hench set-up prior to
installation in the generator.

The tests on this ion source were performed on a bench
which consists of four porcelains which serve both to
insulate the ion source, which was run hot, from ground
and to provide a means for taking into the vacuum the
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collector.

Following these iesis a similar source was installed in
the test section of the new Bartol Van de Graaff gener-
ator. The beam in this section passed through about
seventeen feet, seven feet of which wasthe accelerating
tube. Voltages up to about 2 Mev were reached to
determine the effect with and without the beam.

The jon source arrangement used here was only
slightly different from that described above. Two sets
of three small permanent magnets were used instead
of one magnetron type magnet, these magnets bcing
placed 180° from each other around the ion source
vessel. Also a steel cathode assembly replaced the
aluminum assembly shown in Fig. 3. The former change’
was made because of space limitations; the latter change
was made to withstand the tank pressure in case the
ion source vessel broke and also to shield the beam of
particles passing through the cathode from the mag-
netic field.

A total beam current of over 50 ua has been obtained
from this source with about 0.5 cc of gas per hour and
about 85 w input to the oscillator. The beam is well
focused into a spot of about 1% in. The focusing scheme
is the same as that used on the bench set-up; that is,
there are two supplies, one variable up to 10 kv, and the
other variable up to 50 kv, the intermediate electrode
potential being a half-voltage tap on the 50-kv supply.
As yet the beam has nc been analyzed to determine
the proton efficiency. The beam current is reduced by
reducing the power input, but, of course, this means
iower efficiency as indicated in Fig. 2.

CONCLUSION

'P‘sn lu:u-mk +00€ Tnwn cavsees nocarmhles
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well over 100 hrs. During this time, one glass vessel
cracked when the rf coil came in contact with the glass,
causing local stresses due to heat, and two Lavite
shields cracked, one as a result of not limiting the probe
current, the other as a result of expansion. In other
words, although the cathode should fit fairly well into the
shield, the relative expansion of aluminum and Lavite
should be considered. For high pressure machines the
glass jar should be as round as possible and the glass
thickness as great as possible to avoid collapsing. The
source in the Van de Graaff generator has been operated
for well over 50 hr without any failures. Further studies
should be made in order to obtain beam currents of the
order of one ma, and this can probably be done by
revising the cathode-shield geometry.

The writers wish to acknowledge the continued inter-
est of the Director of the Bartol Research Foundation,
Dr. W. F. GG, Swann.
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A CIRCUIT FOR THE LIMITATION OF DISCHARGE
IN G-M COUNTERS *#

ny
W. C. PORTER' AND W. E. RAMSEY!

ABSTRACT

A simple two tnbe feedbacl: arrapngement to Bmit the dischange in a counter o
a small segment of its length subsequently restoring all but a amall portion of the
tube to full sensitivity in about a microsceond, has been achicved.  The procedure
results in & marked reduction in dead-time, and a correspondingly large increase in
life. For example, a 20-cm. counter may be operated at a rate of 20,000 counts per
second with & loss no greater than that normally encountered at 1000 counts per
second.  Counting rate data are giver along with studies of the discharge distribution
with and without the cut-off procedure. Alteration in the dead-time picture is
iltustrated by oscillograms.

INTRODUCTIiON

As conventionally used, the discharge in a G-M counter spreads,
from one or more points, over the entire length of the wire. Sub-
sequently, the tube remains unresponsive to radiation until such time
as the positive ton sheath, in its motion toward the cathode, permits
a restoration of the starting ficld. This “‘dead-time,"” which frequently
is as long as one hundred microseconds, very seriously limits all ap-
plications wherein a counter must be used at high rates. The dead-
. time is particularly serious in coincidence operation where the large
collecting surface of long counters is required but an intense back-
aground feld is unaveidable. Following the fundamental work of
Simpson (1)? numerous investigators (2-5) have succeeded in reducing
this limitation. However, it continues to be one of the problems
asseciated with this versatile fnstrumeni., The procedure to be dis-
cussed here greatly increascs the rate at which a counter may be
operated without loss and achieves an equally great increase in tube
life. The increase in rate and life both depend upon tube length.
Thus for a given percentage iuss, a 40-cm. counter can be operated at
forty times its usual rate, while a factor of twenty is possible with a
20-cm. tube.

Fortunately the circuit is quite simple. It can be made very
compact and does not lead to geometrical complications as when a
aumber of tubes are to be used in coincidence.

Studies were made with numerous counters at this laboratory and
the circuit operated satisfaccorily with all of them.

Although with a multiple tube circuit operating on the same prin-

* Assisted by the joint program of the ONR and the AEC.

1 Bartol Research Foundation of The Franklin Institute, Swarthmore, Pa.
i The boldface numbers in parentheses refer to the references appended to this paper.
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ciple much higher overvoltages are possible, simplicity is lost. ‘The
slight gain in efficiency with marked reduction of counter life hardly
justifies a complexity which discourages use.  Such a procedure after
test was abandoned in favor of the simple arcangement discussed here.

THE CUT-OFF CIRCUIT

The main circuit shown in Fig, 1 is labeled Cut-Off Circuit. It is
accompanied by two subsidiary circuits labeled, respectively, Viewing
Circuit and Rate-Measuring Circuit. These subsiiiary circuits serve
the purpose of facilitating the study of the cut-off circuit,  The cut-off
circuit itself is coupled directly to the wire of the counter.  Since the
high potential is applied to the cylinder of the counter at the point 4,
the cut-off circuit is at normal voltage levels.

CUT=0FF CtRCUIT

GM COUNTER
HV. A Re
) i_c' &
) Ce
[
s¢ore R

VIEWING CCUIT

Fi6. 1.

All tubesz are 6AKS's and all unlabeled by-pass condensers are 0.0028 microfarads.
;= S0uuf Cr - Q.1uf Cy = 400ppf Cs = §000puf Co o 1.0uf R; = 1800
Ry = 2700 Ry = 2260 Ry = 1000 B = 3300 Re = 47,000 R: = 100.000
When an ionizing particle passes through the counter, it starts the
normal spreading process down the wire from which we obtain the
‘“electron component™ (6, 7) necessary to actuate the circuit. When
the voltage pulse appearing across R, is approximately 0.2 volts, it is
amplified enough in T, to cause the grid of T’ to come from below cut-off
bias; hence, the plate current of T; adds to the voltage drop of R;—a
cumulative action which proceeds until 77 is cut off. The grid of T,
starts to recover rapidly by virtue of the short time constant determined
by Cy, R,, Rsand the input impedance of T's.  As the grid of 7 recovers,
the plate current of T, decreases until the voltage drop across R, is
less than the cut-off bias of T',. The resulting negative pulse on the
plate of T, abruptly returns the grid of T'; below its cut-ofl value. The
time required for an entire cycle of the circuit operation is approximately
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1.5 microscconds: after ithiy pericd the cireuit 1s again ready o accept
a new pulse,

In order to make the circuit operate as rapidly as possible, the
stray capacitance must be kept at a minunum. Tubes T and T
(Western Electric 0AKS's) were mounted adjacent to each other and

K
b

_POTENTIAL OF
COUNTER WIRE

F16. 2,—Presentation of dead-times.

a) Normal! couriter discharge.
b) Same counter discharge with cut-off circuit operating. Only saturated pulse bottoms are visible in (8).

connections were soldered directly to the tube pins. 7T, and T, were
chosen so that v-ith plate voltage = 45V, screen grid voltage = 67.5V,
and control grid voltage = — 5.0V, the plate current was less than
0.2 pa. However, in the actual circutt, these values were increased.
The circuit output pulses were found to be uniform in shape and
amplitude up to the highest rates encountered-—2 X 10¢ counts per
second. However, at very high rates of counting, resistor Re should
be short-circuited so that the poteniial across the counter remains
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constant. No alteration in size or shape of the pulses was observed
cver the npm.ntmg range of counter voltages used  from six to thirty
volts above the starting potentinl.  In virtue of this fact, the pulses
appearing across Ky may be applied to a rate measuring cirenit con-
sisting of 2 and T The current through meter M served as a rate
indicator.  Obviously, at the higher rates, the fluctuations in M were
quite small.  The resistor By was added so that the plate pulse of 77
would trigeer a scaler directly for calibrating purposes.

Figure 2 shows the results of the method used to find the dead-time.
The methaod, due to Stever (8), consists of triggering an oscilloscope
sweep by a counter pulse, delaying the pulse so that it can be seen at a
fixed position near the beginning of the sweep, and observing any other
pulses which occur in the interval of the time base. A triggered
oscilloscope connected at point € (Fig. 1) was used for these presenta-
tions. Photons were used to initiate the pulses. It should be noted
that these photographs are time exposures so that a large number of
triggering pulses are superposed at the left end of the time base; whereas
subsequent individual pulses occur at random and appear less intense
in the photograph. The same counter was used for both presentations
of Fig. 2.

In the upper photograph no pulses appear until after approximately
45 microseconds have elapsed? since the beginning of the triggering
pulse. After this time, the pulse height is dependent upon the time
since the triggering pulse has occurred. The manner of build-up of
pu!se sizes in this region can be correlated to the motion of the positive
ion sheath in the counter after the discharge.  Alihough the potential
of the wire is returned to normal in a short time, the electric field is

still being partially controlled by the ion sheath.
Tha coca of I-nr 2h ie difforant. With the circnit in nnnr'xhnn nn

. sxvs —_——tm e e e

pulses were obscrw.d in the first 1.5 microsecond interval. After this
time pulses appear, and any pulse appearing on the time base is iclentical
in size and shape with the pulse which triggered the sweep.t  Since the
cut-off circuit limits the spreading to a short segment of the counter
length, positive ions are present only in the vicinity of this discharged
region. When the circuit returns the potential of the counter to its
normal value, the clectric field near the wire is returned to normal also,
except for the short segment used in the previous discharge.

The auxiliary viewing circuit connected to the counter cathode is
designed in such a way that the pulf»cs at point B (Fig. 1) are pro-
portional to the number of posntn ¢ lons evolved in the counter discharge.
The ratio of the pulse heights ohserved at B with and without the

3 The vertical descenis of the pulse traces are invisible on the photograph on account of
the rapidity of the sweep. '

i Again, on account of the rapidity of the sweep, only the lower parts of the pulses are
represented. They correspond to the thickenings on the faint, approximately horizontal line.
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F1G. 3.—QObservations from cylinder of counter.

() Normal discharge irom photona.
() Discharge from photons with cut-off clrcuit opemtinf

(c& Discharge frait §-rays at shde window of counter wit 1 cut-off clrcuit operating.
{) Discharge from 8-rays at end of counter with cut-off circuit operating.

circuit in operation (Fig. 3a, b) indicates that the circuit limited the
spreading of the discharge to 1/20 of the icngth of the counter or ap-
proximately 1 cm. If two centers separated by more than 1 em. are
formed by an ionizing particle, a pulse larger than a single center pulse
may be produced. In Fig. 3¢, B-rays were sent in through a side
window in the counter and scattered f-rays produced some of these
multiple centers. The effect of more starting centers (or multiple
centers) is shown more clearly in Fig. 3d, where the -rays were admitted
through an end window.

INVESTIGATION OF EXTENT OF SPREADING

In order to check the previous assumption that the spreading process
was limited to approximately 1 cm. of length, a special counter with
the cathode split into a number of individual cylindrical segments was
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Fic. 4—Pulse height distributions from cathode segments afong the counter length showing
the effect of the cut-off circuit.

used (Fig. 4). Opposite to segment A was a thin window which
admitted photons so that a single-contered discharge always started
in the vicinity of segment A; hence, the spreading started from this
region. The experiment consisted of measuring the distribution of
pulse heights on different segments under two conditions: with and
without the cut-off circuit. The results of these tests are shown in
Fig. 4. Without the circuit, the pulses appearing on segment B are
about twice as large 2as those on segment 4, as may be seen from the
plain block pulse height distribution. This is to be expected fro n the
relative lengths of the two segments (10 mm. and 5 mm., respectively).
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operating, similar to that shown for segment 5.

With the circuit in operation, the pulse-height distributions on all
sepments of the counter are markedly changed.  While the counting
rate of segment A remained unchanged, that of segment B was reduced
by approximately 235 per ceni and that of gegment ¢ by more than 99
per cent of the “no-circuit” rate. ‘This constitutes evidence that the
circuit limiiq the spreading to not more than 1 cm. from the point of
origin of the discharge.

The rather broad pulse-height distribution observed on segments
A and B is believed to result mainly from poor coliimation of the photon
beam rather than statistical fluctuations in the spreading process or in
the cut-off time of the circuit.  Comparison of the shaded pulse-height
distributions observed on segments A4 and B (Fig. 4) indicates that the
average charge developed along the length of segment B is much less
than in A with the circuit in operation,

COUNTING RATES

If V' is the number of impulses which should be counted per unit
time, and NV is the number actually counted per unit time, the relation
between NV and N is

where ¢ is the dead-time.  The formula is based upon the assumption
that the counter and assoviated circuit are completely incapable of
registering a count during a time interval ¢ following cach count, and
that full efficiency is restored abruptly at the end of the interval o.

In order to obtain cqually spaced values of N, five radioactive
sources A, B, C, D, I£ were used.  The plan was first to find positions
for these sources in which cach individually gave the same value for N.
We are then assured that the use of 4, followed by the use of A plus B,
followed by the use of 4 plus B plus C, ete., pmv:des successively equal
increments of N’, If we set N = an where % is the number of sources
irradiating the counter, we have

N’ an (1)
T1FNe 1% ane
Now with scurce 4 alone in position, it was found that N = 10* ¢ps.
Hence

** [5 may be remarked thav 1074 seconds is the greatest value for ¢ consistent with the
measurement of 108 counts per second.
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obtained with the cut-off circuit operating.

The X's are experimental points
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plotted in Fig. 8 it might appoar that at low sonree intenaities fhe
counterwould count faster with i 20 pesee. degdetime than with a 1 p-sece,
dead-time.  This apparent absurdity arises from the facu that the
method used to normalize the theoretical curves to the experimental data
yields adifferent vaine of e for cach dashed curve.  The solid curve, which
fits the experimental daia for 2 == 1, 2, and 3 within the statistical
errors, is obtained by setting ¢ = 3.09 g-sec.  The agreement of the solid
curve with the experimental data is as mood as might be expected® in
view of the limited oxtent to which K. 1is applicable to the experi-
mental conditions.
EPFICIENCY AT LOW OVERVOLTAGE

Because it has been generally believed that the efficiency of G-M
counters is low near the starting voltage,® and since the present experi-
ments were carried out at relatively low overvoltages, a measurement

1 ¥ I I 1 ¢ i 1 1 ¥ 1 L.
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F16. 6.—Relative efficicncy of counter vs. overvoliage.

THREEFOLD COINCIDENCES PER SECOND

of the relative efficiency of the counter as a function of overvoltage was
made in a triple coincidence arrangement. The results shown in Fig.
6 indicate no loss of efficiency at the voitages used in these experiments.

COUNTER DESCRIPTIONS

While most of the work reported here was done with tubes 20 cm.
long and 1 cm. in diameter, studies included the use of counters varying

& This value of ¢ calculated from the experimental observations is too large. The reason
for this is that the first source was very near to the counter, saturating that portion immediately
adjacent to it and decreasing the effective length of the counter for counting the radiations
from the remaining sources which were placed at successively greater distances.

¢ The amnbiguities associated with the definition of starting voltage in self-quenching
mixtures are now under investigation,
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in rength from 6 to 40 o and in diameter from 0.9 cm. to 3§ em., all

cquipped with central wires 0.003 in. in diameter. Cylindess were
either of copper 0.005 in. thick, or, where thin walls were desired, of
Aquadag painted internally on glass walls of thickness 0.006 in.  Thin
windews were provided for the transmission of light where single
centered discharges were essential.  Gras mixtures were cither argon-
ether (6.5:1) at 5.5 cm. Hg pressure or argon-butane (6:1) at 8.5 cm.
Hg pressure.  The circnit operated cffectively with all of the above
counters without alteration.
SUMMARY

A two tube feed-back circuit, triggered about 10-2 seconds after the
initiation of the discharge, interrupts the spreading process in a few
hundredths of a microsecond by field reduction at the wire. The
control circuit recovers, restoring norinal operating field conditions
except over a small segment near the point where the discharge started.
Thus in about a microsecond most of the counter is resensitized, result-
ing in a very short dead-time. The voltage pulse on the wire, although
triggered by the initial counter current, has a shape determined pre-
dominately by the parameters of the cut-off circuit and hence all pulses
are equalized.

Since the circuit limits the spreading of discharge, the number of
ion pairs formed in a discharge is decreased, consequently the life of
the counter is greatly increased (9). Life is further increased by
operating at low overvoltages for a similar reason. It should also be
remembered that the velocity of propagation of discharge aiong the
counter wire increases with overvoltage and hence a faster operating
circuit capable of giving a larger reduction of field at the wire of the
counter wouid be required if higher overvoltages are desired. However,
efficiency measurements indicate that little is to be gained at higher
overvoltage.

The single and multiple center effects observed suggest that with
simple additional circuitry a counter may be rendered a directional
radiation detector, and may also become capable of discriminating
batween varinns types of radiation.

Rates up to 200,000 counts per second with uniform pulse output
have been achieved.
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THE properties of the 17-hr Zr% and of its daughter element,
the 70-minute Nb¥, have been the subject of considerable
investigation.!™® Spectrometric measurements® have yielded beta-
ray energies of 1.914-0.02 Mev and 1.2674:0.02 Mev, and gamma-
ray energies of 0.747+£0.005 Mev for Zt¥ and 0.665::0.005 Mev
for Nb¥. The gamma-ray at 0.747+0.005 Mev was shown to be
emitted from an isomeric level in Nb¥ of half-period 60 sec.

In the present investigation Zr®Q0; (isotopir concentration 90
percent in Zr%), obtained from the ¥-12 plant, Carbide and Car-
bon Chemicals Division, Union Carbide and Carbon Corporation,
QOak Ridge, Tennessee, was irradiated by slow neutrons in the
Oak Ridge pile. The radioactive materials were received within
twenty-four hours after cessation of irradiation and chemical
separations were immediately commenced. The slow neutron ir-
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F1G. 1. Beta.gamma coincldence rate of Nb¥? asa function of the surface
density of aluminum placed before the beta-ray counter.

radiated zirconium dioxide was dissolved by potassium pyrosulfate
fusion, and the separation of the niobium daughter activity from
zirconium was effected by the use of Steinberg’s “oxalate”
procedure.®

The decay of Nb¥, freshly separated from its parent element,
was followed for ten half-periods, and the half-period, taken from
the slope of the decay curve was found to be 72.1£0.7 minutes.
This value is to be compared with previously reported values of
68 minutes’ and 75 minutes.? The decay of Zi¥" was followed for
200 hours, and the resuiting half-period was calculated to be
17.0+0.2 hours, in agreement with the earlier measurements.

The beta-rays of Nb?, freshly separated fromits parent element,
were absorbed in aluminum, and a Feather® plot of the data gave
a maximum beta-ray energy of 1.40 Mev.

The beta-gamma coincidence rate of the 72-minute Nb¥ is
shown as a function of absorber thickness before the beta-ray
counter in Fig. 1 Itis seen to be constant, independent of the

is sm:ple. Cahbratmn of the beia-gamma, coincidence countmg
arrangement by the beta-gamma coincidence rate of Sc* showed
that each beta-ray of Nb¥is followed on the average, by 0.7 Mev

correctcd for u(:l.d.y of il sousce,
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The Primcary Cosmic Radiation at High Latitudes™®
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Various properties of the new greup of low energy primary
cosmic-ray particles (E<1.6 Bev for protons) which enter the
top of the atmosphere at geomagnetic latitudes north of 52° were
investigated during the summer of 1930, Measurements at both
52°N (Swarthmore, Pennsylvania) and 69°N (Fort Churchili,
Manitoba} were obtained with the same quadruple-coincidence
counter traing need nreviously oriented either horizontally or
vertically, and with pulsed ionization chambers bissed to detect
bursts exceeding 1.0 Po-a.

No diurnal or temporal variations in the cosmic-ray intensity
were detected, and no change between 1949 anc 1950 was indi-
cated.

Flights were conducted with counter trains containing various
thicknesses of interposed Pb absocber.

In contrast with the 46 percent increase in the vertical intensity
between the two stations, no latitude effect was revealed cither
in the flux of cosmic rays traveling in the horizontal direction or
in the frequency of bursts detected by the ionization chambers,
at the highest altitudes attained (% mm of Ilg).

The data permit conclusions to be drawn regarding the kori-
zontal component, the solar dipole-moment, the nature of he
low energy spectrum, as well as nuclear disintegrations and
primary heavy nuclei.

1. INTRODUCTION

T XPERIMENTS which have revealed the presence

in the primary cosmic radiation of particles having
momenta below that required for entrance at geomag-
netic latitude 50°N have been described previously.!
The original conclusions were based upon a direct
comparison, by identical instruments, of the vertical
cosmic-ray intensity near the “top of the atmosphere”
at Fort Churchill, Manitoba (geomagnetic latitude
69°N), during the summer of 1949 with that at Swarth-
more, Pa. (geomagnetic latitude S2°N).

After it had thus been established that a new group
of particles was reaching the earth north of the previ-
ously-assumed knee of the latitude effect which had
heretofore been attributed to a cut off imposed by the
magnetic fieid of the sun, it was of interest further to
investiyate certain other features of these particles. In
particular, it was considered desirable:

(a) to determine whether any change nf ennditions
such as might be produced by a variable solar magnetic
dipole-moment had occurred subsequent to the initial
observations;

{(b) to conduct additional attempts to detect either
diurnal variations or short-time temporal variations
(over a period of weeks);

(c) to obtain measurements of the intensity vs alti-
tude curves with an interposed absorber of thickness
intermediate between those utilized previously (4 cm
of Pb);
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FiG. 1. Block diagram of circuits associated with
ionization chamber.
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(d) to compare the intensity in the horizontal direc-
tion at 69°N with that at 52°N in order to secure
additional information regarding the nature of the new
group of primary particles entering at the higher
latitude;

(e) to observe the effect of the new low energy group
of primaries upon the rate of bursts produced within the
walls of an ionization chamber at high altitudes.

Under the sponsorship of the National Geographic
Society, a second expedition to Fort Churchill, Mani-
toba, was therefore conducted during the summer of
1950. Two types of instruments, a burst-detecting ion-
ization chamber and a quadruple coincidence counter
train, were utilized to accomplish the aforementioned
objectives.

II. EXPERIMENTAL PROCEDURE
A. Ionization Chamber Apparatus

A bilock diagram of the ionization chamber and
associated circuitry is shown in Fig. 1. The instrument
functions as follows: Voltage pulses produced in the
ionization chamber (mainly by primary heavy nuclei
and by nuclear disintegrations occurring in the chamber
walls) are amplified by a linear pulse-amplifier and fed
into a pulse-height discriminator. The latter permits
the passage only of these pulses having ampiitudes
exceeding a predetermined size. Each discriminator
output pulse triggers a keying univibrator, thereby
causing the transmitter to emit a 75 megacycle C. W.
signal for a period of 0.06 sec.

The telemetering system as well as the method for
the determination of atmospheric pressure and temper-
ature within the gondola during the balicon flights
have already been described in detail elsewhere.?

"The ionization chamber (Fig. 2) is composed essen-
tially of an outer cylindrical pressure vessel, a concentric
cylindrical cathode, and a central electron-collecting
wire. The cathode, which operates at a potential of

21 & Pomerantz, Electronics 24, 88 (1931},
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-300 v velative to the wire, is cloeed at the ends by
copper guard disks having 3-inch center holes to pass
the collector wire. The coilector connects directly to
the first grid of the linear amplifier and is maintained
at dc ground potential by means of a 108-ohm grid-leak
iesistance. To eliminate the possibility of leakage from
the hizh voltage cathcde to the collector wire, ihe
'nsu'?.cors supporting the wire are mounted on the
grounded outer case.

In all measureinents made to date, the chambers
have been filled with 5 atmospheres of tank argon rated
99.9 percent pure. Before assembly, the internal parts
are cleaned with an acid rinse. and immediately after
the soldering operation, the chambers are evacuated
for 24 hours while being maintained by an oven at a
temperature of 125°C. The outgassing and filling pro-
cedures are accomplished on a special pressure-vacuum
system, which permits both operations to be performed
without the intervening admission of air into the
chamber. A pressure gauge mounted permanently cu
each ion chamber permits the detection of leaks which
might develop subsequent to sealing-off the unit.

For the purpose of calibration, each chamber contains
a Po-a source plated onto an insulated silver electrode.
The source protrudes slightly through a hole in the
cathode and is “turned on or off” by connecting the
probe to ihe cathode supply {—300 v) or to ground,
respectively. In the “off’’ state, the a-particle ionization
electrons are collected on the grounded source probe
and are thus not permitted to reach the centrai wire.

The Po-a pulses reach voltage saturation at a cathode
potential of —200 v immediately after a chamber is
filled. However, the saturation voltage drops to an
equilibrium value some 50 voits lower in the course of
a few days. This tendency, which is probably caused
by the “getter” action of the cleau copper walls, insures
that the nermal anerating notential of —300 v is
adequate for saturation even long after the chambers
are filled. The calibration source is used only for setting
the discriminator and checking the over-all stability of
the instrument in prefiight tests. During flight the
source is turned off so as not to interfere with the
detection of cosmic-ray bursts. In the case of every
instrument which has been recovered immediately after
landing, pnstflicht checks have revealed no detectable
change in calibration.

The linear amplifier comprises three stages of amplifi-
cation with 0.0135 percent inverse feedback and has an
over-all gain of 5X10% This amount of feedback,
although not large, is sufficient to reduce to 2 percent
the change in amplifier gain resulting from battery
voltage drops during the normal (five hour) flight
duration. The interstage coupling components of the
amplifier are chosen to give a rise time (5 usec) com-
parable tn the electron collection time of the ionization
chamber, and a decay time (100 psec) sufficienily
small that the inductive effect of positive jon motion is
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Fic. 2. Constructional details of ionization chamber. A, pres-
sure vessel (0.032.in. Cu); B, cathode (0. 032-in. Cu); €, caLhode
insulating tings (MykrO)) D retaining spring; E, electron col-
lector (0.010-in. Kovar); F, g]ass insulator; G, Po-a source elec-
trode; H, pinch seal; I, 0~100 lb/in.2 pressure gauge; J, connec-
tion to amplifier; K, —300 v cathode connection.

tubes, the amplifier output noise level is approximately
0.2 v, which is 5 percent of the amplitude of the smallest
pulses allowed past the discriminator in the measure-
ments reported here.

The discriminator stage is « triode biased bevond cut
off hy a wvariable potentiometer adjustment. The
(positive) amplifier output pulses reach the discrimi-
nator plate circuit (and thence trigger the subsequent
keying univibrator) only when their amplitudes exceed
the difference: between the negative bias potential and
the triode cut oif potential. For all of the flights reported
in the present paper, the discriminator was adjusted so
that only bursts > 1.0 Po-a were relayed to the ground
station.

B. Quadrupole Coincidence Counter Train

The counter trains utilized in measurements of the
intensity both in the vertical and Lorizontal directions
were identical with those used in 1949 and previously.?
The complete balloon-borne apparatus, as well as the

ground receiving station, have also been described in
detail 2 i

ul, KESULIS
A. Search for Diurnal and Temporal Variations

The detection of a small diurnal variation had not
been specnﬁcally attempted in 1949, although the data
obtained in flights conducted at different times of the
day revealed no indication of any marked differences
which could be attributed to a diurnal effect. If the sun
possesses a permanent dipole-woment of the inagnitude
which had previcusly been assumed, a diurna! variation
of the intensity of the primary cosmic radiation must
necessarily occur, for reasons which have already been
discussed.! Observations conducted at a high northern
latitude are optimum from the point of view of the
magnitude of the change expected during the course of
a day, since the variation is maximum at locations
appreciably north of the previously-assumed knee of
the latitude effect. Furthermore, the extreme change
expected at high latitudes occurs during daylight hours,

3For details rcgdrdmg geometry, see M. A. Poinerantz, Phys
NDowe 7R 1'1’)1 :’1(\1

NV, 85,
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TaprLe 1. Summary sf balloon fights

Time of

arrival at

ceiling

Ceiiing artitivle,
Geomag.  Flight Inctrumoneal altitude, local solar

lat. date arrangement eet tinne

69N 8~ 6—4‘9 Vertical counter train 96,000 10:32 A.M.
8- 9-49 containing 7.5 cmof 83,3500 8:40 A
8-11-49 interposed Pb 74000 4:24 vy
8-16-49 absorber. 81,000 10:17 Ama
8-21-49 73,500 10:13 A

7-24-50 67,000 8:31 aw
7-25-30 100,500  9:07 A
7-26-5G 76,000 10:18 au
7-31-30 74805  0:04 AM.
8- 3-50 84500 1:37 pat.
8-12-50 97,000 12:43 p.M.
52°N  7-26-47 89,000 6:3%9 aM.
7-20-49 83,000 8:33 aM.
9-27-49 112,000 10:52 am.
5-25-50 94,000 8:52 am.
69°N 8- 2-30 Vertical counter train 91000 8:17 A.M.
8- 5-50 containing 4.0 cm of 81,800 8:15 am.
8-29-50 interposed Pb 74,500 4:16 p.m.
8-30-50 absorber, 100,000 9:44 A
52°N  6-2448 95,000 B:24 a.m.
10~ 649 68,000 10:26 A.m.
10-14-49 81,500 10:33 a.M.
69°N 8-18-50 Horizontal counter 80,000 6:14 ..
8~19-50  train containing no 97,000 2:28 p.M.
8-24-50  interposed Pb 83,000 10:00 .M.

absorber.
52°N 7~ 7-50 105000 9:37 A.M.
10-17-50 102,200 10:43 a.M.
10-27-50 104,200 11:13 am.
i1~ 7-50 108,000 3:22 p.M.
52°N 7~ 9-48 Horzsatal counter 109,500 O:51 a.wm.
10~ 7-48 train containing 1.0 109,600 11:18 a.m.
10~-28-49 cm of interposed Pb 117,500 11:02 a.m.
absorber.

69°N 8- 9-50 Horizontal counter 83,000 9:26 A.mM.
§-16-50 train countaining 7.5 72,500 10:25 am
8-18-50 cm of interposed Pb 87,500 9:14 am.
R-20-50 ahsorher 85400 9:29 am,
52°N 7- 748 104,000 824 AM:
10-29-48 102,000 11:03 AM
11-23-48 115,000 10:59 A.n.

69°N  ¥- 2-5U iomization chambor Li- 78,300 631 rm
- 3-50 ased to record events 91,500 4:59 p.m.
9- 4-50 exceeding 1 Po-a. 110,500 10:46 a.M.
52°N  4-30-50 83,000 9:50 am.
6- 2-50 103,300 9:00 a.m.
6- 9-50 94,000 8:25 am.
3- 1-51 20,000 12:35 p2,

to which the present flights were necessarily confined
owing to technical limitations imposed by the absence
of heating by solar radiation at night. Finally, and
most important of all, the intensity at the higher
latitude should actually be lower than that at Swarth-
more in the early morning, and equal in the late after-
noon, according to Dwight’s calculations.®

Therefore, the flights in 1950 were released over a
wider range of times to hroaden the scope of this

‘K. Dwight, Phys Rev, 78, 40 (1950).
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important phase of the investigation. For reasons ritec
earlier! measurcments were ohtauned principally with
counter trains containing 7.5 cm of interposed lead
absorber. Table T contains a summary of the 1950
series at Fort Churchill, and as may be seen in Figs, 3
and 4, there is no detectable dependence of the results
upon the time of day.

Furthermore, it is apparent in Fig. 3 that the present
measurements have quantitati\ ely conﬁzrmed the earlier
data, thus indicating no ohscivahla difference in the
conditions existing during the summers of 1949 and
1950. Finally, it is to be noted that, during the course

observatione nv'mndmu over a neriad of

AUa1S T

~8
ot continuous

more than a month, no wchanges suﬂi(:lent to be detecied
by the instruments utilized in these investigations are
manifested.

B. Intensity vs Altitude Curve wiih 4 cin Pb

The nature of the dependence of the intensity upon
altitude at 69°N in the case of particles capable of
penetrating 4 cm of Pb is of particular interest. The
fact that a definite maximum in the curve is observed
at 52°N for 4 cm but not 6 cm provided a basis for the
prediction that the maximum with 4 cm would disap-
pear at the higher latitude. Low energy primaries, such
as were presumably entering at Fort Churchill, were
expected, through their progeny, to contribute appreci-
ably to the intensity only near the top of the atmos-
phere.

This hypothesis is supported by the results plotted
in Fig. 4. it is vbserved that, at Fort Churchill, the
intensity of particles having a residual range of 4 cm of
Pb is essentially constant throughout the upper seven
percent of the atmosphure.

This latitude dependence of the critical thickness of
interposed absorber for which the maximum in the
intensity os altitude curve disappears, arising from the
change in the minimum allowed primary enctgy, wouid
result in the appearance ¢f a maximum at low latitudes
even for thick absorbers. Thus, Rao e al.* at 3°KN,
have observed a distinct peak in the vertical intensity
of cosmic radiation penetrating 10 cm of Pb, at a pres-
sure of 90 mm of 1Ig. This is entirely in accord with
expectations or the basis of the present considerations.
Furthermore, as a consequence of this effect, the atmos-
pheric pressure at which the maximum occurs for any
particular amount of absorber would increase as the
latitude is decreased.

C. Intensity in the Horizontal Direction

Investigations®? of the cosmic-ray intensity at
various zenith angles have revealed an appreciable

4 Eap, Balasubrahmanyam, Gokbale, and Pereira, Phys. Rev.
83, 173 (1951).

£ Swann, Locher, and Danforth, Natl. Geographic Soc. Con-
tributed Tech. Papers, Stratosphere Series 2, 13 (1936).

$2 A Pomerantz, Ph s. Rev. 75, 1335 (1948

’Wmcklel Stroud, and Shanley, Phys Rev. 76, 1012 (1949).
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F1c. 3. Intensity os altitude curves for cosmic rays arriving veriically, and penetrating 7.5 cm of Pb at A=52°N
(Swarthmore, Pennsylvania) and A=69°N (Fort Churchill, Manitoba). Note the absence of detectable diurnal

or temporal variations.

component at large angles. The observed horizontal
intensity at very high altitudes appreciably exceeds
that at the terminus of a corresponding efleciive
atmospheric path in the vertical direction, and must
consist predominantly of secondary particles emitted
in acts in which the initial direction is not propagated.
It was of interest to ascertain whether the new group
of low energy primary particies entering at Fort
Churchill would enhance the horizental intensity at
that station. Therefore, a direct comparison of the
horizontal intensities at the two latitudes was con-
ducted.

The measurements were cbtained with the same
counter trains used in the other phases of these experi-
ments. When the instruments are oriented horizontally,
the maximum aperiure between the extreme ray and
the horizontal plane is 4.5°. Telescopic observations of
the swinging of the instruments during flight revealed
that the maximum excursion was usually less than 2°
from the vertical even during the more turbulent
initial portions of the ascent.

In some of the flights, a 7.5 cm Pb absorber was
interposed in the counter train. In others, no absorber
was present other thar the counier walls. In this case

all particles capable of penetrating 4.4 g/cm? were
detected. This corresponds to a minimum energy for
Mies0iis of approaimatay 20 Mev.

A detailed statistical analysis of flights unde. the
latter condition is summarized in Table II. These
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Fic. 4. Intensity s altitude curves, obtained with concidence-
counter trains containing 4 cm of Pb, for cosmic rays arqiving
vertically at A=52°N and A=69°N. The mavimum disappears at
the more northern station.
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TanLs Il Summary of data obiained with horizontal quadru-
ple-coircidence counter trains containing rno intrcposed Pb
absorber. Within the statistical uncertain‘ies, no dJependence
upon latitude between 52°7 and 69°N s indicated.

Geomag. Flight Average couniing rates, counta per minuic,
tat. date in indicated pressuse interval
51-33 33-21 21-13 13-8
mm of Hg mm of Hg mm of Hg mm of Hg
69°N  8-18-50 19.34+08 25411
69°N  8-19-30 18.141.0 250419 31009 33.3x1.1
69°N  8-24-50 179409 28.1+1.1
69°N  Average 18.5+0.5 26.3+0.6 31.0+£09 33.3=+1.1
52°N 7- 7-50 17.74:11 258411 205410
52°N  16-17-30 172409 27.1+1.9 288+1.1
32°N 10-27-50 18.0+08 23.1+1.2 297+1.2 321410
52°N 11- 7-50 18.1+09 290+2.1 33.641.2 345k1.1
52°N  Average 17.84+0.5 257407 309406 32506

experiments have indicated, as ma' be seen also in
Fig. 5, that, unlike the =ituation in the vertical direction,
even at the highest altitudes attained the horizontal
intensity is not dependent upon latitude north of 52°.

Data obtained at 52°N with 1.0 cm of absorber are
also included in Fig. 5 because these constitute a self-
consistent set of measurements, with good resolution
in zenith, of the intensity and the rate of ahsorption of
the horizontal component of the cosmic radiation.

D. Ionization Chamber Bursts

The data obtained in four ionization chamber flights
at Swarthmore, Pennsylvania (52°N geomagnetic lati-
tude) and in three flights at Fort Churchill (69°N
geomagnetic latitude) are plotted in Fig. 6. Statistical
errors (not shown in the figure) are approximately
=+ 10 percent for points near the top of the atmosphere
and +£20 percent for the lower points. A statistical
analyveis of the data from the soven ceparate fights at
the two locations (Table III) shows that all individual
flights agrce within statistical expectation. Similarly,
the combined average counting rates of the Fort
Churchill flights agree with the combined average rates

obtained at Swarthmore. Within the statistical uncer-
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taintizs indicated in Table III the burst rates at the
two locations are the same at all altitudes.

V. DISCOUSSIONS
A, Horizontal Intensity

The maximum residual range in air of the new
particles which enter the top ot the atmosphere at
69°N is approximately 150 g/cm? This is indicated hy
the fact that, as is shown iz Iigs. 3 and 4, no observable
difference in the intensity at the two locations arises
until the atmespheric pressure is somewhat less than
120 mm of Hg.

The ratio of the minimum amount of matter which a
particle would have traversed through the spherical at-
mosphere before entering the geometrical arrangement
utilized ia these experiments in the horizontal direction
to that in the vertical is 12. Thus, on the basis of mass-
absorption alone, it is evident that none of the particles
in this new group, which must have energies below 1.6
Bev, could be expected to penetrate to a horizontal de-
tecting device of the present dimensions at an altitude
lower than that corresponding to a maximum pressure of
120/12=10 mm of Hg. In view of the fact that the
particles observed at the greatest depths in the vertical
direction may be mesons rather than primary nucleons,
the effects of decay would make the situation even
more drastic.

The particles which constitute the horizontal in-
tensity are principally secondaries produced at wide
angles from the forward direction by primaries moving
essentially downward through the atmosphere. This is
immediately evident from the comparison of the
counting rates recorded at high altitudes in the hori-
zontal direction with those predicted on the basis of
measurements obtained with an identical instrument
oiiented vértivally. The eapecied couniing raie g(po)
of a horizontal train at pressure p, can be computed
on the basis of the assumption that the contribution at
angle { is It(po) =Ty(poft), where f; would be sec{ for
a flat atmosphere of infinitc extent. Iy(poft) is obtained
from the corresponding vertical intensity wus altitude

Tasrz II1. Summary of data obtained with ionization chambers biased to record pulse of height exceeding 1 Po-a.
Within the statistical uncertainties, na depcndence upon latittide between 52°N and 69°N is indicated.

Geoinag. Flight A .
fat. date Average counting rates., counts per minute, in indicated pressure interval
200-87 87-54 54-33 331 21-12 13-8 8-5
mm of Hg inm of Hg mm of Hg mm of Hg mm of He mm of Hg i of Hg
69°N 9- 2-50 49+0.5 6.54+0.5 10.00.7 12.8+0.5
GO°N 9- 3-30 4007 7.3x£09 8.1+0.8 12.64-0.8 17.140.8
69°N 9- 4-30 3.5+04 734+0.35 11.240.6 15.6:£0.6 19.140.6 2i.24-0.8
69°N Average 41303 7.0x£0.3 10.24:0.4 12.7+0.4 16.32-0.5 19.1+0.6 21.240.8
52°N 4-30-50 5.020.3 6.84+0.6 10.0-£0.6 170410
52°N 5- 2-50 4.54-0.3 8.540.7 10.4+0.7 131410 15.640.8 19.0+0.8 20.8+1.4
52°N G- 9-50 5.240.3 7.24+0.5 10.7.£0.7 i5.8409 15.840.8 19.54+1.3
52°N 3-735 5.6+0.4 9.140.6 124408 13.2+1.2
S2°N Average 5.020.2 8.040.3 10.84+0.4 12.43:0.6 16.04+-0.5 19.24-0.7 208-+14
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curve, In the case of a spherical aimospheie, although
Jt remains finite at 907, the caiculated counting rates
are far less than the observed even if the attenuation
inireiused by meson decay is net taken inte consider-
ation. For exampie, at #,=30 mm of Hg, the maximum
cxpected counting rate with the geometiy utilized in
these experiments is 2 counts per minute as compared
with 24 counts per minute observed with no interposed
absorber. Meson decay should reduce this expected
rate by a factor of at least 1000, depending upon the
assumptions made regarding the production ¢f mesons.
This general siiuaiion (becoining even more drastic at
lower altitudes), prevails for all thicknesses of absorber
for which data are available up to the highest altitudes
attained, although the disparity between the expected
and observed intensities with 7.3 cm of Pb is consider-
ably reduced at 5 mm of Hg. Thus, the horizontal
intensity is far in excess of that expected for rectilinear
propagation of an isotropic primary beam incident at
the top of the atmosphere.

It might have been expected that low energy pri-
maries would be most productive of wide-angle events,
principally through the formation of low energy mesons.
Furthermore, the spectrum is richest at the low end,
and intensity considerations seemed to favor the pri-
maries having energies rear the geomagnetic cutoff at
52°N as the source of the horizontal component.

The absence of an increase in the horizontal intensity

28
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at the highest altitude attained, corresponding to about
9 mm of Hg, is nnt consistent with this hypothesis. On
the contrary, the results indicate that the secondary
particles which constitute the horizontal component do
not arise from primarics having energies near the min-
imum permitted at $2°N. Hence. they must be the prog-
eny of the less numerous high energy primaries. The
latter are particularly effective in contributing to the
counting rate of a counter train inclined at a zenith
angle of 90° because the total flux of vertically-directed
particles which can produce wide-angle secondaries
capablc of actuating the horizontal instrument is, of
course, much larger than the total flux through the
same counter train oriented vertically.

B. Solar Dipcle-Moment

The original conclusion® that the maximum value of
the solar dipole-moment does not exceed 6X1G* gauss-
cm® remains unchanged. It must be emphasized that
this deduction from the present experimental results
presupposes an infiniteiy distant souice for most of the
cosmic radiation reaching the earth. The concept of a
solar allowed-cone created at the earth by a permanent
magnetic field of the sun certainly does not apply to
narticles produced at that body and proceeding more
oT less directly to the earth. Hence, if it had been
independently demonstrated that the sun did possess a
dipole-moment of the previously assigned magnitude
during the period when these experiments were per-
formed, the present results would have constituted
direct evidence for a solar origin of a large fraction of
the primary in.ensity. However, the most 1ecent astro-

and von Kliiber'® using vastly improved methods have
yielded values no higher than 1-2 gauss,

The observed isotropv of the high enerzy nonfield-
sensitive radiation (>10% ev) reveals that the entire
galaxy must be the source of such particles, as has been
demonstrated by Cocconi.! On the other hand, the
low energy portion of the spectrum (<10 ev) must
have a local origin in order to avoid the necessity of
traversing an excessive mass of matter, as a consequence
of the action of the galactic magnetic field, during the
journey through the galaxy tc this planet. The isotropy
of the total incoming radiation, as revealed by measure-
ments of the zenith® and azimuthal distributions’ at
high altitudes as well as by the absence of a detectable
diurnal variation as reported herewith, indicates that
the particles of solar origin do not in general procead
directly from the sun to the earth Hence, after they
are emitted from the sun, the particles must subse-
quently follow complicated trajectories as a consequence
of which the intensity ultimately becomes isotropic.

¢ M. A, Pomerantz and M. S. Vallarta, Phys. Rev 76, 1889
(1949).

* G. Thiessen (private ~ommunication).

WH_ von Klither, Proc. Rov. Ast. Soc. 111, 8 (1951).

1 G. Cocconi, Phys. Rev. £3, 1193 (1931).
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Thus, the primaries reaching the earth appear to arrive
from a distant (virtual) sourcee uniformly disiributed
about the earth.

This is evidently accomplished by interactions with
magnetic fields within the solar system. The particles
which are observed to come more or less directly froin
the sun,” in contrast with the isotropically-distribuied
radiation, can be consequently accounted for only by a
tunneling through the trapping field resulting from a
sort of degaussing effect produced by transient local
magnetic fieids, such as was first proposed by Forbush,
Gill, and Vallarta 13

C. Low Energy Spectrum

General considerations relating to the determination
of the nature of the primary spectral distribution from
the present results were discussed in reference 1. The
exact value of v in a differential energy distribution law
of the form #(E)dE=kE-"dE cannot be deduced in the
usual manner from the geomagnetic cut-off energies and
the observed ratio of the intensities at the two latitudes
in this case. At high latitudes, atmospheric absorption
rather than the terrestrial magnetic field determines
the minimum energy which a primary particle must
possess in order to reach the detecting apparatus. This
lower limit e,({, A}, required by a primary particle (or
its progeny) to penetrate the thickness ! of atmosphere
above the detecting apparatus plus the counter walls,
cannot be assigned a precise value. '

Winckler, e! al.,'* have determined from measure-
ments at low latitudes that the value of v is 1.9 for
primary proions having energies between 4 and 14 Bev.
If the nower law with the same exponent still prevailed
at latitudes north of 52°, the ohserved ratio of intensities
Tg9°/I52°=1.46 would correspond to an absorption cut-
off energy ea(f, 69°) of 1.1 Bev for primary proions at
0Y°NN.

The maximum depth of penetration of particles
having energies just below the geomagnetic cutoff at
52°N (=1.6 Bev) is approximately 150 g/cm? of air
(see Sec. IVA). Previous absorption measurements!®
have also revealed that 1.6-Bev particles are first
absorbed!® by something like the same amount of lead.
Furthermore, from the location of the sea-level knee of
the latitude effeci, i is kuown that approximately 3
Bev are required for penetration of 1000 g/cm? of air.
Although the effective range is falling off faster than
directly proportional to the encrgy, it is inconceivable
that primaries having an energy of 1.1 Bev would have
a range (<20 g/cm?® In any event, after the particle

12 M., A. Pomerantz, Phys. Rev. 81, 731 (1951).

;Zg\c)rbush, Gill, and Vallarta, Revs. Modern Pays, 21, 44
« H V‘:".inckler, Stix, Dwight, and Sabin, Pbys. Rev. 72, 656 (1950).
18 7. A. Pomerantz, Phys. Rev. 83, 459 (1951).

18 Absorption is defined here as the reduction below unity cof
the probability that each primary, or ot least one of its progeny

created in the lead, always has sufficient residual range and is
propagated in the proper direction to actuate the comacidence

train.
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nas been slowed down to a velo:ity such that nuclear
interactions are relatively improbable and ionization
becomes the vredominant mode of energy degradation,
the residual range appreciably exceeds this amount.
For example, *he experimentally observed range of
210-Mev protons is 70 g/cm® in cavboi.!?

1t is, therefore, necessary to conclude that the power-
law spectrumn observed for the primaries of higher
energies does not apply at the low end. In fact, the
differential spectrum may exhibit 2 maximum even
south of 52° followed by a rapid decrease toward
the low energies which are permittcd north of this
latitude This would not be inconsistent with either
Winckler’s results or with those of Van Allen and
Singer.!?

A spectrum of this shape, poor in the low energy
portion, would be expected if the regions where cosmic
rays are being produced on the sun were distributed
statistically uniformly over the surface. T ¢ low energy
particles could, in general, move off toward infinity
only near the poles, owing to the presence of the one
gauss field, and the contribution from the polar regions
would be a small part of the total. On the other hand,
high energy particles, if indeed any are produced,
would not be subject to trapping fields and coald move
off to infinity. The observed spectrum would, therefore,
result from a combination of effects involving both the
production and acceleration processes and the solar
geomagnetic effects,

D. Nuclear Disintegrations and Primary
Heavy Nuciei

=xn I SR T 1 - o2 ey Taaa TR it b
When biased as in the prusenl eaperiments, the

ionization chamber instrument responds to: (1) relativ-
istic heavy nuclei of atomic number Z>8; (2) single
slow protons and a-particles; (3) nuclear disintegrations
produced in the walls by fast protons and neutrons:
(4) air showers in which at least 60 electrons traverse
the chamber.

Of the above-listed events, air showers probably
contribute the least to the observed counting rates.
Chambers similar to those used in the present investi-
gation have been operated in twofold coincidence as
detectors of dense showers at mountain altitudes.! The
results indicate that only a few percent of the bursts at
these heights are produced by electron showers.
Furthermore, the mecasurements of Kraybill and
Ovrebo® show an altitude increase in the frequency of
showers which is considerably less rapid than the
observed altitude increase in the rate of ion chamber
bursts.

In photographic emulsions exposed at atmospheric
depths of 10 and 16 g/cm® at A=>55°, Bradt and Peters®

17 R. Mather and E. Segré¢, Phys. Rev. 84, 191 (1951).

187, A. Van Allen and S. F. Singer, Phys. Rev, 78, 818 (1930).

2. G. Montgomery and D. D. Montgomery, Phys. Rev. 76,
1482 (1949).

% H. L Kraybiii ard F. J. Oviebs, Thyz Rev. 72, 381 (1047,

L T, Brode and B Petere, Phvs. Rev. 77, 54 (1949),
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F1c. 7. Resolution of observed burst-rate, 4, into the contributions
by heavy primaries, B, and nuclear disintegrations, C.

have measured the collision mean free paths of heavy
nuclei as a functior of atomic number Z, and have
calculated that the primary intensity of nuclei of Z>6
15 1.4X107% cm?/sec/sterad. The computation takes
into account the absorption by nuclear collisions, but
neglects a small fraction of the primary flux which is
stopped as a consequence of ionization loss before
reaching the depth at which the plates were exposed.
On the basis of the abave primary intensity value, and
the Z-spectrum obtained by the same authors, the
ionization chamber used in the present experiments
should record 30 heavy nucleus counts per minute at
the top of the atmosphere. In arriving at this result,
isotropic incidence was assumed, and full account was
taken of the rather complicated geometry of the
chamber.

If the emulsion observations? of the spectrum and
the collision mean free paths of heavy nuclei are com-
bined with a computation of the sensitivity of the ion
chamber as a function of Z, the average collision mean
free path in air for nuclei recorded by the chamber can
be estimated as 30 g/cm? On the basis of this value for
the absorption mean free path of the heavy primaries,
and on the assumption of isotropic incidence above the
atmosphere, the approximate heavy nucleus counting
rate »s atmospheric depth curve labeled B in Fig. 7 is
deduced. Tnasmuch as the same absorption mean free
paths used by Bradt and Peters in calculaiing the
primary flux {rom observations at about 15 g/cm? were
used in obfaining curve B, the counting rate given by
the latter at 15 g/cm? is probably quite accurate. At
atmospheric depths exceeding 15 g/cm? the computed
curve may be somewhat high because of the neglect of
ionization loss. However, this effect is partiallv compen-
sated by fae assumption of an absorption mean free
path equal to the collisicn mean free path, although
actually some of the heavy nuclei are not completely
broken up into fragments too small to be counted by
the ionization chamber in their first collision.

Curve C in Fig. 7 represents the difierence between
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the calculated heavy nucleus counting rate and the
e‘cperimbntal curve A. Within the uncertainties in the
heavy nucleus rates, cuive C represents the variation
with altitude of the total flux of protons, neutrons, and
other particles capable of producing nuclear disinte-
grations in the chamber walis.

The maximum in curve C at a depth of 35 g/cmn? is
indicative of tne cascade multiplication of the nucleonic
component and agrees in position with the maximum
obtained by Whyte® in the analysis of Coor’s® burst
data for A=52°. Photographic emulsion studies of the
development of the nucleonic cascade as rmanifested in
the rate of star production vs atmospheric depth seem
to conflict with one another regarding the existence of
a maximum in the Bux of star-producing particles.
Freier ef al* report evidence of strong maxima be-
low 45 g/cm? in the production rates of stars of all
sizes up to and inciuding those with more than 10
prongs. On the other hand, Lord? finds that the fre-
quencies of stars of all sizes from 3 to more than 16
prongs decrease monotonically at atmospheric depths
greater than 15 g/cm? The present results are qualita-
tively in accord with the former, whereas there appears
fo be a definite inconsistency with the latter which is
not as yet understood.

The absorption mean free path of the burst-producing
radiation as determined by the best exponential repre-
sentation of the counting rate vs altitude curve between
60 and 200 mm of Hg is L=165 g/cm? This is in
reasonable agreement with the value L=160 g/cm?
derived from Coor’s ionization chamber data in the
same altitude range. In a similar manner, the star
production »s altitude curves of Lord between 60 and
200 mm of Hg yield absorption mean free paths L=165,
120 and 110 g/cm? for the radiations producing stars
with 3, 4, 5 prongs, 6, 7, 8, 9 prongs and more than 9

pronas, ri's;.‘“""“’“]y Ti- ecoame rasennahle tn pvnpr‘f that
the L value obtained from the ionization ‘chamber
results should lie somewhere within the above limits.
However an exact comparison between ion chamber and
emulsion data is precluded by inadequate knowledge of
(1) the relative cross sections in Cu and emulsion for
the production of stars of given size and (2) the burst-
producing efficiency of stars as a function of size for
the particular ion chamber geometry involved.

" According to the emulsion work of Camerini, et ¢/.2
the integrel cross section for production by neutrons
and protons of stars with more than 2 prongs closely
approximates the geometrical nuclear cross sectien.
Assuming this to hold for primary cosmic rays incident
upon copper, and using the value 0.17 particle/cm?/
sec/sterad as the primary intensity® at A=352° we find
that stars with more than 2 prongs should occur in the

= G. N. Whyte, Phys. Rev. 82, 204 (1951).

@ T, Coor, Phys. Rev. 82, 478 (1951).

% Freier, Ney, and Oppenheimer, Phys. Rev. 75, 1431 (1949;.

% J. J. Lord, Phys. Rev. 81, 901 (1951).

% Camerini, Fowler, Lock, and Muirhead, Phil. Mag, 41, 413
{1950).
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ica chamber walls at the rate of 240 per minute at the
top of the atmosphere. Comparison of this rate with
any reasonable extrapolation of curve C, Fig. 7, 10
zero g/cm?® shows that at moet 3 percent of the stars
produced in the wall by primaries give rise to bursts
> 1.0 Po-. Some val“dm‘ of the extent to which this
surprisingly smaili efi.ciency can be attributed to the
absorption of low energy star fragments before their
entry into the gas could be obtained by employing
chambers with various wall thicknesses in future flights.

According to the curves B and C in Fig. 7. the heavy
nuclei and nuclear disintegrations contribute 13 counts
per minute and 8 counts per minute, respectively, at a
depth of 10 g/cm?* at geomagnetic latitude 52°N. The
latitude effect between 52°N and 69°N at 10 g/cm? is
0+ nercent. Considering the extreme case of a possible
5 perceni increase (1 0 ctd. dev.) assignahle solcly to
heavy nuclei, the increase in the latter at 10 g/cm?
would be 8 percent. On the other hand, if the heavy
nucleus flux were assumed to be unchanged, the corre-
sponding increase in the nuclear disintegration rate
would be 13 percent.

Extrapolation of the curves of Figs. 3 and 4 to the
top of the atmosphere yields a lower limit of 45 percent
for the increase in the vertical primary intensity be-
tween A=52° and N=69°. Comparison of this result
with the aforementioned 0413 percent latitude effect
shows that primaries of energy below the geomagnetic
cutoff at A=52° yield at a depth of 10 g/cm? less than
one-third as many nuclear hursts per primary particle
as the primaries entering at A=52°,

It should be noted that the nuclear disintegration
latitude effect deduced from the present measurements
at 10 g/cm? does not necessarily apply at higher aiti-
tudes, for a considerable portion of the nuclear bursts
at 10 g/cm? is produced by secondaries. (Note the shape
of curve C Fie 73 In additian tha nrimaries inderon
some energy loss by ionization and nuclear collisions in
the residual atmosphere. The magnitudes of these
effects are undoubtedly quite different for the primary
protons of energy E>1.6 Bev entering at A=52° and
for those of energy E<i.6 Bev which comprise the
additional proton intensity at A=69°,

If the multiplicity of secondary nucleon production
increases with the energy of the primary, and the
probability of burst production in the chamber wall
increases with the energy of the incident particles, a
latitude effect should become apparent above 10 g/cm?
In this case the low energy primaries at A=69° as they
exist above the atmosphere could have a considerably
higher burst-producing efficiency relative to the pri-
maries at A=52° than the data at 10 g/cm? indicate.

it is not possible to dedice from the present measure-
ments any quantitative information regarding the low
energy portion of the heavy primary spectrum because
a substantial fraction of the particles of atomic number

ln Tnend Al meamaietm ean £n0
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and A= 09° (where the vertical cut-oft energies are 0.57
Bev per nucleon and 0.025 Bev per nucleon, respec-
tively) zre absorbed as a result of energy loss by
ionization in the 10 g/cm? residual atmosphere above
the apparatus.
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RADIATIONS FROM RADIQACTIVE KHODIUM (309)
HY
C. E. MANDEVILLE! AND E. SHAPIRO!

ABSTRACT

The characteristic radiations of the 36-hr. chodium (108) bave been inves
tigated with the use of conventional absorption and coincidence methods.  The
beia rays were fonnd 0 have a maxiiim energy of 0.55 Mev., and the gamma
rays a quantum energy of ~0.3 Mev. ‘The beta-gamma coincidence rate of Rh*
indicated that less than 8 per cent of the beta rays are coupled with the gamma ray.

INTRODUCTION

When ruthenium is irradiated by slow necutrons, two radioactive
isotopes of ruthenium are formed, the 42-day Ru'® and the 4.5-hr.
Ru'®, The 42-day activity decays to stable Rh'®, but the 4.5-hr.
period forms as its daughter clement, the 36-hr. Rh'® which in turn
decays to stable Pd', The radiations of the 36-hr. Rh'® have been

r“"musly examined by several groups of investigators (1)?, with the
use of conventional absorption metnods. Observations on the char-
acteristic radiations of Rh'®* were also reported upon briefly by the
writers (2), who found a beta ray of energy ~0.6 Mev. and a gamma ray
of energy ~0.3 Mev. Approeximately the same beta ray encrgy had
been previously reported by all the investigators of reference i, and

L.
the gaifiifia QY itad been uu,vn')'dSE}' chserved ‘“’ q"‘!!‘.’:‘." Ql"'"hf and

Gladrow (1). Subsequent to all of the above- mentmned mvestlgatlons,
upcctromctnc and commdcncc nicasurements were carried out on the

S LS S £ TILINA LTIV, o U RPN R (g & ) THRYS Ry [
iadiativins of nn uy LZUNCIO ANa LAngcT (v, was u\,C'.::':‘uC!}‘ detar-

mined the beta ray encrgy as 0.570 & 0.005 Mev,, but who did not
observe any gamma rays. Following the report by Dufheld and Langer
(3), the writers obtained a second source of Rh'® for further studv.
The results werce essentially the same as those first obtained (2). The
discussion which is to follow will concern itself with data resulting
from observations on both sources.

PROCEDURE AND RESULTE

The 36-hr. rhodium (103) was grown froin its 4.5-hr. ruthenium
parent when metallic ruthenium was irradiated by slow neutrons in
the Ozk Ridge pile. For the first sample of rhodium, the time of
irradiation was 24 hr. This time was redticed to 10 hr. when the second

® Assisted by the joint program of the OKR and the AEC. B

! Barto! Research Foundation of The Franklin Institute, Swarthmore, Pa.
* The boldface numbers in parentheses refer to the references appended te this paper.
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guantity of nuienal was drradiated almost o year later, The sane
chiemical procedure was emploved in the cuse of both sources, The
Futitenium target naterial was purified before exposure by distillagion
of RuQd from n perchloric-suifuric acid solution of chemically pure
RuCls,  After irradintion in the pile, Ru was dissolved in o mixture of
10 parts cone. H1CL 1 part cone. TING;, at 1607 €. Rhodium carrier
was added to the Ru solution, aad RuQ)y was distilled from a percliloric-
sulfuric acid solution,  Inactive RuCl was added to the residue and
another RuQ, distillation cffected.  The resulue in the distillation
flask was diluted to 1 A in acid and treated while hot with magnesium
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Fig. 1. Hall-periéd of the total activity of Rh',

powder o precipitate rhodium.  After dissolving excess miagnesium in
HC], the suspension was filtered, the rhodium washed with HCI, hot
water, alcohol, and ether, then dried.

The activity of the 36-hr. rhodium was followed for more than 300
i, as shown in Fig. 1. The hall-period taken from the slope of the
curve was calculated to be 36.8 hr. A faint residual activity of long
half-period is clearly present, and this is assigned to the presence of a
trace of the 42-day Ru!®. This decay curve was considered as good
=vidence for high purity of the source. Using a thin source of the
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purificd RIS, the beta ray activity was absorbed in aluminum in a
thin window “bubbie” counter as shown in Fig. 2. The absorgtion
limit ovcuis at 170 mg./em, correaponding to & maximum beta vay
cnergy of .55 Mev.

To investigate the nature of the quantum radiations emitted in
the decay of RE™, an absorption curve in lead was carried out before a
single Geiger-Muelier counter.  Just suflicient sluminum was placed
befere the counter at the ontset of the measurements o stop all of the
bieta rays being emitted by the source.  In this way, only the quantum
radiations were counted,  This lead-absorption curve of the gamma
radiation is shown in Fig. 3, where two components are clearly present.
The softer component is in the region of X-rays or bremsstrahiung
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aluminum placed before the beta ray counter.

whereas the harder component has an energy calculated from the slope
of the curve as 0.36 Mev. The quantum radiations indicated by this
curve are in good agreement with the findings of Suliivaii, Sleight, and
Cladrow (2).

When a source of the purified Rh'® was placed between two Geiger
counters in coincidence, the beta-gamma coincidence curve of Fig. 4
was obtained. The coincidence rate was very small, and the points
beyond 60 mg./cm.? are essentially without meaning, because of their
great statistical probable errors. The general trend of the points
below 60 mg./um.? is dowaward, indicating that the gamma ray of
Rh® is coupled with an inner beta ray group. The gamma ray counter
of the beta-gamma coincidence counting arrangement was calibrated
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by the boeta-gamma coincidence rate of Se,. From the calibration, i
was calcutated that the hetipganng cotncidence riate of Ri'™ av zero
absorbor thickiess (<004 3 10 % cowidence per bota ray) is what
would be expectad, were gamnny rays of energy ~0.3 Meov, coupled
with not more than 8 per cent of the beta ravs.

The data of the first four figures of this paper were taken with the
use of the first source of R ahtained from Oak Ridge.

Since a question had arisen whether quantum radiations were
present at ail in the decay of shodiuig (105) (3), the second source of
radioactive material was procured from Gak Ridge tor a more carefui
consideration of the gamma ray activity. ‘The target materiai was
irradiated for oniy 10 he. in the pile, and after chemical purification,
was placed between two blocks of aluminum, each having a surface
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Fic. 5. Half-period of the gamma ray activity of the second scurce of Rh®s,

density of 1.7 g./cm.2  This aluminum thickness was, of course, far
more than sufficient to stop the beta rays of Rhi%, Adjacent to either
aluminum block was placed a Geiger-Mueller tube, having glass walls
of thickness 0.1 cmi. and copper cathodes of wall thickness 0.013 cm.
In one counter, the half-period of the quantum radiations being emitted
by the scurce of Rh® was measured: with the other, ahsurpiion curves
in lead of the gamina rays were obtained. The decay curve of the
gamma ray activity of Rh'® was followed for three half-periods and is
shown in Fig. 5. The half-period, taken from the slope of the curve is
35 %+ 1 hr. Two lead absorption curves for the gamma rays of Rh!%
are shown in Fig. 8. The first of these curves was taken at the begin-
ning of the decay curve of Fig. 5, and the second curve was obtained
forty hours later. The quantum cnergy taken {rom the slope of the
curves is 0.3 Mev. These curves differ from that of Fig. 3 in that the
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softer comiponent has now disappearcd and the slope of the curve for
the hard componeni 18 such as to suggest o quantum cnergy of .30
Mev, rather than 6.36 Mev., Absence of the softer component i
explainicd by the fact that the thick block of aluminum way uwd before
the gamma ray counicr in the sccond measurement,  “Vhe ciaige in
slope to give the differing quantum encergies is explained by the fact
that the geonetries of the two sets of fead absorption measurements
were vastly different. It is thought that the same gamma ray is
certainly involved in both instances.
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F16. 6. Absorption in lead of the gamma rays emitted in the disintegration
of the second source of Rh,

Thc guestion arcse whether the pressnce of guantum radiations
might be accounted for by bremsstrahlung effects.  This seemed to be
an unlikely explanation for the presence of the gamma rays, because
the mean energy of the beta rays from Rh!® iz anly 0.2 Mev.S. However,
to show positively that the resuits are not in any way related to the
presence of bremwsstrahlung, comparative measurements were carried
out, using the beta spectrum of RaE, The scurce of Rh!%, the camma
ray activity of which had been followed for three half-periods, was
placed before a thin window “‘bubble” counter. The beta ray counting
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rate was observed, and after 0.1 cm. of fead had been placed before
the counter, the gainma vay activity was hkewise noied,  The source
of Rh™ was remsoved ; a source of Ra (1) -4 1 -+ ) was positioned to
pive the smne beta ray counting rate as was previously observid for
R and the same sheet of lead was placed over the counter to ohserve
the residual counting riate. The data are given in Table T where it is

Tawnr: L Gross Counting Kates (per siinule).

Background Ra(D+E+ 1) Rhwé
375+ 3 39 & 4.5 116 + 4
clear that although the counting rate froim Ra (2 + E 4 F) did not

exceed the background count, that of Rh!'® was three times greater.
Woere the quantum radiations which were detected in the counter
originating from bremsstrahlung production in the lead sheet, the
counting rate from Ra (D + E + F) should have been the larger,
because the beta ravs of RaE have a maximum energy of 1.17 Mev.
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on pair rear the wire of counter Z and the

A be gwen tc the time required for circuits and counters
respord. It is the purpose of this experiment to show that G-M
counters, as sreall as those usged kere, can kave a maximurm delay

t]'.ma whir'* is no greate; then -1-)(10‘ sec. Work performed

G'sger Com&er~ has been extended The method emp! loyed in
these invest! gd.Lons consisted of neasuring thie double coincident
rate as a function of the time separation of the coincident dis-
charges. The procedure was such that the maximum timre difer-
ence to b expeuied n the observed distribution corresponds to
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-orr::at.o:‘. of ar ioa pair at tke cathode of countar
1 {Fig. 1;. Several circuit changes have beer made so that tiine
cifferences as short as 1X 1079 sec can be reliably measured.
T‘ne I{EO"]P?.L')/ of the experircent was sirzilar to that used by
teven
In Iow v‘.'xues of electric felds electron mobiiiiies are coustart,
and tkus ore might expect that if the counter diameter were
halved, the delay time would be quartered. However, in thke
electric felds which exist in th&se argon-ether counters, the
electron velocity, rot the mobility, is constant over the greater
portion cf the path;? Lhemfore, when the counter diameter is
haived, the maximum de eay “me is halved also. Calculatiozs
based on this constant velocity were mace for these small counters
{(7J-mm diameter; and resuited in maximum fransii dmes of
44X 107® sec. Tigure 1, curve A, shows that the maximum
rmeasured ue‘ay time for these s:naL counters is 4.0 107¢ sec
Curve B is for the same counters that Stevenson! usec and snov,s
the icveing-off in the number of counts in the short txe regioq,
thus extending his data to shorter Hires and showing the existence
of the maximum in the distribution curve suggested by his data.
Both of these curves indicate that there is a2 most promable time
si dainy. The volues may be found by takisg the fimst derivatives
of tke curves shown
In conciusion, decreasing the diameter of these counters
decreases the maximum time delay propordonally, thereby im-
creasirg tke usefuiness of counters for in the
=h0rt time region, Txis experiment also further verifes the fact
ks electron veiocities Aare constant in argon-ether tor vaiues of
ele:t.‘ic fields found in these counters,
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General Observations on Discharge Lag in
Counters.* Letter IV
W, B Rauswy

Bartcl Ressarch Foundation of the Frouklin Institsle.
Sworthmore, Pesnsylvania

(Recelved June 11, 1951)

T is obvious {rom ihe observations Stevenson has published
in two preceding papers that the initial lag in a counter may be
reduced by the proper choice of gas mixture. The form of his
velocity curves also makes it possible to anticipate the approxi-
mate wagnitude of the improvement to be gained by a reduction
in counter diameter for the two gas mixtures investigated. In
addition, it is clear that in coincidence work these lags would place
no limitation on very short time applications provided the initiat-
ing electrons in coincident counters are created at the same dis-
tanze from the counter wires. In this case each coincident channel
is lagged by the same amount, and any measured lag indicatcs the
correct retardation in the formation of the clectrons.? This fact
adds importance to scintillation G-M counters of the type now
being developed by C. E. Mandeville. When such counters are
used in coincidence, transit lags cancel out, since the electrons
produced in similar counters both start from the cathode.

While the electron velocity measurements of Stevenson do not
give values of E/p for the intense fields near the wire, they make
it possible to estimate maximum times with fair accuracy. A con-
sideration of the field in a tube indicates that over most of its
path an electron is moving at nearly constant velocity. The
maximmm leg (Fig. 1) is 9.6X107* sec. This measurement
gives an average velocity of 7.8X10® cm/sec, a value which 1s
acceptable if the degree of constancy observed over the region
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fonization at atmospheric pressure; a = p,ps where p mtotal pressure of gas,
o =atmospheric pressure; eak: maverage number of ions per beta-particle;
v=consiant velocity of 7.8 X10% cm per sec; and r mradfus of counter.

E/P=30 10 F/F=83 is mainiained to £/F of aboui fifieen.
Very near the wire where E/P is large, a sharp rise in velocity
should occur. However, the transit time in this region is negligible.

An exact calculation of the distribution of lags in time is im-
possible, because the scattering of 8-particles ir the counters
results in an unknown distribution of path lengths. However, the
general rature of the picture can be anticipated if one assumes a
constant velocity and at most, small angle scattering. The problem
also may be solved in the special case where scattering is suffi-
ciently complete to give B-particles a uniforn angular distribution
in each tube. Little scatiering was assumed in arriving at the
expression for P in Fig. 2. This expression is i fair agreement with

‘Stevenson’s data. A consideration of first derivatives indicates

that the distribution function has 5 maximuim in the neighborhood
of 3.0X1U™ sec. ‘the experimental data (¥Fig. I, Stevenson’s
second letter) suggests that a maximum should occur between
{=0and {=4.0X10"8 sec.

* Assisted by the joint program of the ONR znd AEC.

1 This gtatemenc impiies that the initial currents 1n the CuL 1o are ~huai
or are sufficiently large to trigger the clrcuit in the time cor.cerued. Actually,
curreat time studies in the short time region indicate that as far as current
is Involved, a properly constructed coincldence unit should permit the
measurement of retardations down to 10~% cec.
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Short Double Coincidence Resolving Time
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for G-M Tubes. Letter Il

C. E. MANDEVILLE
Barie! Rescorch Foundstizn of the Franklin Institute,
Swarthmore, Pennsylrania

(Received June 11, 1951)

IN the two preceding letters! of this issue of the Review of
Scientific Instruments, results are given upon which the
writer wishes to make some comments, Stevenson has shown by
direct measurement that electron velocities vary widely, depend-
ing upon the organic gss used in self-quenching tubes, and in
particular that the velocity is about a factor of two greater in the
argon-ether mixture than in the argon-butane one. This fact was
also noted in 1947 by an indirect method when G-M tubes of the
same dimensions as those of Stevepcon’s were employed in
gennuine coincidence luss measurements®? At that time, it was
found that the argon-butane mirture could not be used without
loss at a coincidence resolving time of less than 0.2 microsecond,?
whereas the resolving time could be reduced to 0.08 microsecond
without loss, using the argon-ether mixture.’ This observation of
difference in behavior of ether and butane is in complete agree-
ment with those of the first of the two preceding letters. The
coincidence lots measuremen t53 were made in a G-M tube arrange-
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rays penetrated the two counters uniformly over their entire
volume, and the walls of each counter had a uniform thickness
of 25 mg/cm?®. The observaiion of no coincidence Juss in argon-
ether at 0.08 microsecond agrees with the cenclusion of Steven-
son’s second note which shows that the maximum delay time in
the argon-ether mixture is <10~7sec. In another note,} it was
stated that no genuine coincidence loss was observed in the beta-
gamma coincidence rate of Au**® when the coincidence resolving
time was decreased to §.035240.005 microsecond. In this coin-
cidence counling arrangement, the gamma-ray counter was ap
argon-ether tube of the glass-Aquadag type, having a diameter of
1.3 cm. The beta-ray tube was the thin “bubble” end-window type,
having a cathode diameter of 0.9 cm. The beta-rays were fired
along the axis of ihe cailhode, pamalled to the ceutial wire. In
making the beta-gamma measurements on Au'?S, nfty to sixty
coincidences were observed at cach resolving time as the resolving
time was reduced from one microsecond to 0.035 microsecond in
steps of 0.25 microsecond. The coincidence rate at 0.035 micro-
second was about twenty percent less than that at one micro-
second, but the decreass was attributed to statistical probable
error and was not regarded as evidence of a metastable state in

Au!® or as an indication of genuine coincidence loss arising from
time delavs in the coincident G-M tubes.

The observation of relatively small genuine coincidence loss at
0.035 microsecond is consistent with the data of Stevenson’s
second note, because the counter diameters were smaller than
those of his measurements. During the past four years, a consider-
able number of radio elements have been investigated in this
laboratory by the coincidence method. In observing immediate
coincidences, a coincidence resolving time of 0.10 microsecond was
consisiently employed to insure no genuine cuincidence loss. The
counters used 10 vbiaiu iue data of Stevenson’s second letter were
chosen at random from the supply of a counters used by the writer
during the course of the coincidence investigations of radioactive
decay schemes.

It is the purpose of this ietter to emphasize the fact that under
suitable conditions, very short coincidence resolving times may be
used with no coincidence loss, in connection with coincident G-M
tubes. Resolving times of <1077 sec are easily chtzinable with
argon- -ether tubes of dizmeter 1.5 cm. Smaller diameters should
give resolving times of ~10-8 sec without loss.

Since the time of the earlier measurements*¢ at resolving times
of =0.08 microsecond, many private communications of disbelief
have been received. Papers on delay times in G-M tubes have
been written, but no reference is made to the fact that the short
resolving times** must indicate very small time delays in Bartol
rounters. Review arficles on caunters often devote several sections
to time delays in G-M tubes and to the problem of short resolving
times, but the measurements at <1077 sec are never discussed.
It should perhaps be remarked that Bartol counters of the type
utilized by Stevenson have been used in double coincidence in at
least two university physics laboratorics inn circuite of resolving
time ==10~7 sec without genuine coincidence loss.

* Assisted by the joint program of the ONR and AEC.

lﬁ,{'den Stevenson, Rev. Sci. Instr, 23, 93 (1952); Rev. Sci. Instr. 23, 93
(12 Mandeville and Scherb, unpubiished data (1947).

1 Mandevnlle and Scherb, Phys. Rev. 73, 90 (1948); Phys. Rev. 73, 639

(1948
4 ‘dandevllle ana Scherb, Phys. Rev. 73, 634 (1948),



Reprinted from TrHE Review or ScirNairic Ixstrusents, Vol 23, No. 2, 93-94, February, 1952
Pilated in U. §. A,

Coincidence Time Delays in (reiger Counters.*
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ALDEN STEVINSON

Bariol Research Foundaison of ilie Franklin Inststute,
Swarthmore, Pennsylvania

(Received June 11, 1951}

N Ligh speed coincidence counting employing Geiger-Mueller
tubes, it is desirable to make the resolving time of the circuits

as short as possible in order to record nuclear events separated by
short times as well as to reduce the number of accidental coinci-
dences. Clearly the idcal situation would be one in which the time
between the creation of an ion in a counter and the initiation of the
avalanche would be the same for both counters. If such indeed
were the case, avalanches begun in two counters 4 and B, Fig. 1,
by an ionizing ray of great speed would show no time interval
between them. Actually, the variation in position where ion pairs
reay be formed in the two Geiger tubes and the finite transit time
needed for the electrons to drift to the avalanche region bring
about departures trom the 1deal case. 1f, therefore, we should have
a means for measuring the time interval between the two counter
disckarges caused by a .ingle ionizing ray, we should be able to
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FiG. 1. The coincidence rate as 2 function of the delay tine.

obtain information on the distribuiion of time delays to be
expected from two counters. The experiment then consisted in
measuring the number of coincidences recorded whose separation
in time was larger than a certain value. Letting f (¢) be the per-
centage of the total coincidence counting rate observed to have a
time delay greater than ¢, Fig. 1 shows f (¢) plotted against 5.

The Geiger tubes used were 1.5 cm in diameter and filled with
the argon-ether mixture Lo a total pressure of 7 cm Hg. They were
operated at 70 volts above the threshold. The central wires of the
counters were made of tungsten and had 2 diameter of 0.003 in.
The delay times between two Geiger tube pulses resulting in a
coincidence were measured by cmploying a modification of a
circuit developed by W. E. Ramsey.! The circuit, designed to be
operated by the first C.2-volt change of the counter wire potential,
functions as an electronic swiich. The discharge pulse from one
Geiger tube causes a known plate current to flow in a vacuum tube
until this current is shut off by the discharge of the second Geiger
tube. Hence, the integrated charge on a condenser in the vacuum
tube plate is directly proportiona! to the time elapsed between
counter discharges. Of course, a certain time is necessary for an
avalanche to develop to the point of operating an electronic cir-
cuit. Quite apart from the fact that this time may be expected to
be the same for both counters, an independent investigation by W.
E. Ra:sev (as vet unpublished) indicates that the time necessary
to charge the counter wire to a potential of 0.2 volt is very short
compared to 4> 1078 sec. By employing a coaxial delay line of
variable length, simulated Geiger pulses could be imposed on the
timing circuit in such a way as to provide calibration and 2 con-
venient check.

The procedure was such that the maximum difference to be
expected in the plotted distribution corresponds to an jon pair
formed near the wire of counter B and a simultaneous pair formed
at the cathode of tube 4. One can conclude from the evidence of
the experiment that the transit time of an electron from the
cathode to the avalanche region is not in excess of 1077 sec. It
is not uareasonahle to suppose in the light of the nrevious velocity”
measurements, that by choosing good gas mixiures and reducing
the cathiode diameter, one could decrease the maximum coinci-
cidence delay time to about 1078 sec or less.

The author wishes to express his appreciation to Mr. Ramsey
for his constant interest and advice during the course of the
research.

* Agsisted by the joint program cof <he ONR and AEC.
1V, E. Ramsey, Phya. Rev, 57, 1022 (1940).
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Electron Velocities in Geiger Counter Gas

Mixtures.*

ALDEN STEVENSON

Harlol Research Foundaiion of the Franklsn Iustiteule,
Swavthmore, P‘nnsylmma

(Recelved June 11, 1951)

ACKING quantitative theoretical prediction, experimentally
determined plots of electron velocities as a function of field
intensity have become increasingly valuable in selecting gas
mixtures for use ir Geiger couaiers with short delay times. With
this in mind there was developed a new method for measuring
these velocities, involving a simplicity of design which would
afford a convenient technique.

A schematic diagram of the apparatus is shown in Fig.-1. The
three principal electrodes 4, B, and C, made of spun copper, were
mounted inside a 3-inch diameter Pyrex tube. The anode wire
lexds of counters § and 2 were placed in such a way as to reduce
their mutual electrostatic coupling. By imposing a field of 200
volts/cm between electrodes .4 and B, electrons created in the
gas by the ionization of beta-rays that have passed through the
thin window were accelerated toward B. Some of these electrons
were admitted simultaneously through the two slits in B. One
such electron may initiate a discharge in counter 2 when it arrives
at the wire. Another after passing through the slit opposite the
fine wire grid of counter 1 moves in a uniform field until it arrives
at C. By using a suitable timing circuit to measure the elapsed
time between the pulse from counter 2 and that from 1, the tiansit
time from B to C was directly established. Care was taken to make
the counters of the same dimensions to keep their discharge
characteristics similar. Uncertaiuty in ilie origia of the electrors
between 4 and B caused an observed distribution of about 20
percent at the shortest transit times roeasured.
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F1G. 1. Schematic diagram of the coincidence counting arrangement
used 1o 1neasure electron velocities.
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FI1G. 2. Velocity of electrons as a function of E/p and the counter gas.

The experimental results are given in Fig. 2. The partial pres-
sures of the two gas mixtures used were: 61-mm argon with 11-mum
ether and 103-mm argon with 17-mm butane. The curves clearly
indicate the sunericrity of argon-cther mixture over the argon-
butane mixture—a result established qualitatively by coincidence
resolving-time measurements made at the Barioi Founuation.!
Other evidence of the leveling-off of electron velocity curves as
well as actual decreases in velocity for higher values of £/ have
tecn recorded by Rossi and Staub.? The upper limit of the value of
the field obtainable was imposed by arcing across between two
internal leads (not shown) to the electrodes. By care in decian the
procedure should be capable of measuring velocities up to 15 or
20 for E/p, thus enabling the transit time of an electron traversing
a counter radius to be computed for distances considerably les=
than Z mm irom the anode wire.

The writer wishes to express his particular appreciation to Mr.
W. E. Ramsey for having designed the experimental tube with
which the investigations were carried out and for discussions and
advice throughout the course of the work.

* Assisted by the joint program of the ONR and AEC.
i C. E. Mandeville and M. V. Scherb, unpublished data (1947).

?B. B, Rossi and H. H. Staub, Jonssaiton Chambers and Counters
(McGraw-Hill Book Compary, Inc., New York, 1949), pp. 11 and 14.
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Neutrons from the Disintegration of the Separated Isotopes of Silicon by Deuterons*
C. . ManpeviLLe, C. P. SwanN, AND S. D. CHATTERJEE}
Bartol Research Foundalion of the Franklin Institute, Swarthmore, Pennsylvania

AND
D. M. Van PatTER}

Depariment of Physics and Laboratory for Nuclear Science and Engineering,
Massackuseits Instilule of Technology, Cambridge, Massackusetts

(Received September 14, 1951)

The neutron spectra from deuterons on silicon have been studied by the method of recoil protons and
photographic plates. Thick isotopic targets of the three separated isotopes of silicon were irradiated by

deuterons of energy 1.4 Mev, supplied by the

Bartol Van de Graaff statitron, observations being carried

out at angles of zero and ninety degrees with the incident deuterons. Q-values, from which energy levels
in the residual nuclei of phosphorous may be calculated, are as follows:

Reaction
Sis¥(d,n) P2
Siv(d, n) Py
Si®(d,n) Pn

Q-values (Mev)
0.29
3.27,2.52, 1.81, 1.27
492, 4.59, 3.73, 2.70, 1.51

The estimated probahle error in the Q-values is 40 kev.

[——

d 1 “HERE are three stabie isotopes of silicon, Si%,
Si?®, and 5i%, having respectively relative abun-
dances of 92.28 percent, 4.67 percent, and 3.05 percent.
When ihese elements are irradiated by deuterons,
neutrons are emitted in the following ik:ree reactions.

(1) SiB4-d—P¥+al4+Q,
(2) SiB4d—PY4 10y,
(3) SiF4d—PO4ni4Q;.

* Assisted by the joint program of the ONR and AEC.

t Calcutta. India. Guest physicist, Bartol Research Foundation,
1951.

iThe contnb.xtxon of D M. Van Patter to this article consists
ol ibe i epwation of the Appsidiz.

Naturally occurring silicon has been previously bom-
barded with deuterons to observe the neutron spectra.?
However, because of the element of ambiguity intro-
duced by the presence of the mixture of isotopes, the
data are difficult of interpretation. To reinvestigate
the above three reactions{quantities of the separated
isotopes, in the form of silicon dioxide, were obtained
frem the Y-12 plant, Carbide and Caibon Chemicals
Division, Union Carbide and Carbon Corporation, Oak
Ridge, Tennessee. The mass analyses of the various
targets are shown in Table 1.

1D A Danl. T Dha.

r
FAES I S N F R £ 5

Bev. 73 047 (1048)
Rev. 73, 047 (1048)
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TasrE 1. Isotopic analysis of target materials. Tanre 1 Ground-state Q-values for $i%8(d,») P,
Sz Si Siao Methed 1 .hethod 11
Iio_t?p\. _ Percent  Isotope _ Parcent Isotopa Peicent G-value (Mev) 0.36-1:0.04 O 29_‘&0 04
28 99.4 28 29.1 28 40.97 e
29 04 29 58.6 29 2.44 o ) ST -
30 0.2 30 2.2 30 56.59

Thick isotopic targets of the separated isotopes of
silicon were irradiated by deuterons of energy 1.40 Mev,
supplied by the Bartol Van de Graaff statitron. The
neutrona emitted in the three reactions above were
recorded in Eastmar NTA plates located at zero and
ninety degrees with the incident deuterons.

In evaluating the energies of the neutron groups of
all of the three reactions above, two procedures have
been employed. One has been to apply the range-energy
reiation of Lattes, Fowler, and Cuer® to NTA plates,
increasing the observed energy by two percent to allow
for an acceptance angle of twelve degrees in the forward
direction; the other has consisted in decreasing the
result of the first method by an amount indicated by a
recently obtained calibration curve? for NTA plates,
and increasing it to take into account the use of a thick

target. ¥ The latter procedure has been considered to
give the preferable result. The procedures of evaluation
described above will be referred to respectively as
Method I and Method II.

Si(d, n)P2

The energy spectrum of the acceptable recoil protons
of the neutrons emitted in the reaction Si?¥(d,)P% is
shown in Fig. 1. Observations were carried out at zero
degrees and ninety degrees in the laboratory system of
coordinate axes. As indicated in the figure, two groups
of neutrons appear at both angles of observation. The
group of lower energy is assigned to the reaction
C®(d,n)N®, The more energetic is thought to be related
to the formation of P? in its ground state. In the for-
ward direction, higli eueigy neutrons of low intensity
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Fie. 1, Recuil protons knock ed on in the forward direction by the
neutrons ‘rom Si*8{d,n)P?%.

% Lattes, Fowler, and Cuer, Proc. Phys. Soc. (Lendon) £9, 883

chavds Johnson, Ajzenberg, and Laubenstein, Phys. Rev.
83 ’)94 (1951)
£S5, C. Suuwdon {to be puousned)

are present. These are thought to result from the
hombardment of “low Z' contaminants on the walls
of the vacuum tube and of the magnet box between
the poles of the beam focusing magnet of the Van de
Graaff statitron. Plates in the forward direction are
sensitive to neutrons "mauatmg from these points,
whereas ihe pla.u::b atl umcLy ucgrcca fo ihe beam are
perpendicular to their direction of emission and hence
do not record their recoil protons in the acceptable
sense. This point is born out by the fact that no
appreciable evidence of the presence of neutrons beyond
those of the ground state is apparent in the data
obtained at ninety degrees. The data of Fig. 1 are
summarized in Table II.

The (-values of Table IT are means of those calcu-
lated at each of the two angles of observation. It is to
be noted that they are in disagreement with the previ-
ously reported Q-value of —0.80-£0.10 Mev,! and with
those values calculated from other reactions and from
mass values (see Appendix).

Site(d,n) B

The spectra of acceptable recoil protons of the neu-
trons emanating from Si?*(d,n)P3 are shown in Fig. 2.
The most energetic group® is assigned to N"(d,n)0'¢,
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Fic 2. Energy spectrum of the acceptable reccil protons of the
neutrons from the reaction Si*¥{(d,n) P,

5 The neutron group of the nitrogen reaction appears at zero
degrees and ninety degrees ip the data relating to Si?%(d,:)P3
and in the forward direction alone in measurements on S13(d )P,
The absence of this group ai ninety degrees in the latter reaction

——"
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the least energetic one to U#%(d,#) NS, The ground-state
group of the reaction S$P"%(d,#)P?, the reaction of the
preceding discussion, is also clearly present. The inter-
mediaie groups are assigned to the reaction 5i%(d,n)Pse,
The cata of Fig. 2 are suminarized in Table (L.

The energy levels of P in Table IIT are calculated
from the preferred values of Method II.

Sixo(d,n) B

The acceptable recoil proton groups of the neutrons
trom Si*%(dn)P* are shown in Fig. 3. Here again, the
most energetic group, appearing at 6.75 Mev in the
forward direction, is assigned to N™(d,#)}0'; the least
energetic one to C¥(d,n)NW. Again, the ground-state
group of Si®¥(d,n)P? is present. The remaining groups
are assigned to S#%(d,»)P%. The data of Fig. 3 arc
summarized in Table IV.§ I

The nuclear energy levels of P® have been calculated
from the preferred Q-values of Method II.

Tasre I11. Q-Values of Si*(d,n) P and energy levels of P¥.

N E ) Exc vel
A e el e e
1.41+0.04 1.2749.04 2.00+0.06
1.974+0.04 1.814-0.04 1.464-0.06
2.68:£0.04 2.5240.04 0.754+0.06
3.5140.04 3.27£0.04 0.00

CONCLUSIONS

The energies of the neutron grouns from deuterons
on the separated isotopes of silicon kawve been measured.
In many instances the calculated energy levels of the

. - .
racidnal niirlatl Af nhrenharance arrss with thacs aleaadsr
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obtained (see reference 1, Table 1I}). The bearing of
the measurements upon the masses and reaction ener-
gies of the silicon region ate discussed in the appendix.

The writers wish to acknowledge the continued
interest of Dr. W. F. G. Swann, Director of the Bartol
Research Fouadation.

is not considered significant, hecause statistical difficulties are
encountered in accumulating acceptable long tracks. From the
several spectrs) an average Q-value of 3.11£0.U4 Mev is calcu-
lated for N*{(d»1O'", ucing Method II of the text. This result is
in good agreement with the previously reported energy release of
5.15+£0.05 Mev [W. M. Gibson and D. L. Livesey, Proc. Phys.
Soc. (Londoa) 60, 523 (1948) 7.

¢ The broken line of Figz. 2 aad 3 represcnts the actual distri-
bution of neutron energies corrected for variation wiih energy of
the n-p scattering cross section and acceptance probability.

§ VoieTaddsd in proof: Infeach of the threelfigures, the data at
zero and ninety degrees have not been normalized to take into
account plate area scanned. INo information is{thus presented con-
cerning the angular distributions of ithe neutron groups. The fluc-
tuationgofithe intensity of the carbon group relative to those of
the other neutron groups is thought to be related to statitron per-
formance. Excessive sparking and breakdown in the vacuum tube

annear tn incrasce the carban contoemination
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FiG. 3. Recoil protons of the neutrons emitted in the
reaction Si3(d,#) Py,

APPENDIX: DISCUSSION OF RESULTS

Recent precise measurements®? of nuclear Q-values involving
nuclei with Z=10 to 16 have led to a revision of masses in that
region.* Y However, in many cases, the most accurate method of
estimating a given reaction energy involves the use of mass
differences rather than a tahle of macees Tt iz of interest to
compare the Q-values of the ground states measured by Mande-
ville, Swann, and Chatterjee with the reaction energies which
can be predicted from the measurements of other workers.

Ti‘:e Reaction S5i*{d,n)T**.—The end point of the beta-transition
P"E+Si” has been measured as 3.63+0.07 Mev! by means of
cloud chamber aud ,magnetic field. Except for the results of the
present paper relating to reaction Si*(d,n)P?, the beta-trarsition
above is the only link connecting the nucleus of P?® with other
nuclei. Combining the total disintegration energy of the beta
transition, 4.6530.07 Mev, with the reactic. energy of the

TaBLE IV, Q-values of Si®(d,»)P* and energy levels of P&,

Q-valuzs (Mev) O-vaines {ev) Excitation levels

Method I Method II of Piz (Mev)
1.6440.04 1.51+0.04 3.411:0.06
2.263:0.04 2.704+0.04 2.2240.06
3.95+£0.04 3.734:0.04 1.193+0.06
4.794-0.04 4.594+0.04 0.334+0.06
S.160.04 4.92+0.04 0.00

7 Strait, Van Patter, Buechner, and Sperduto, Phys. Rev. 81,
747 (1951).

& W. W. Buechner, ¢ al., M.LT. report, Laboratory for Nuclear
Science and Engineering (May 31, 1951).

% H. T. Motz, Phys. Rev. 81, 1061 (1951).

1 A H. Wapstra, to be published.
1 ‘\‘.i\/""nite, Creutz, Delsasso, end Wilson, Phys. Rev. 59, 63
).
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Taare AL Q-vohues in Sev.
Calculated from Calculated
Rexaction Observed nuclear reactlons fmm mAsces
SiB(d 5)Pr 0.20:0.04 0.81-+£0.07 0 814:0. 09
Sl”(d,n)Pa“ 3.27£0.04 3.254+0.18 3.24-+0.11
Si55{d ) pu 4.924-0.04 5.08:::0.02 3.03:£0.06

reaction Sit3(d,p)Si¥, 6.24621:0.007 Mev,” and with the neutron-

proton mass difference of 0.78240.001 Mev,? a reaction energy

0.814-0.67 Mev may be calculated for the reaction Si#s(d,n)P*.
The Reaction Si%(d, r-)P33 .—The Q-value for the formation of

P30 in tha rvrr““pr‘ ctate In the reacticn S!DIJ u\Dﬁﬂ may ¢ hn opaton

LU vasiuac

lated from each of two independent cycles of nuclear rc.acmons

L (a) PYfy—P4n—(12.37£0.2) Mevit4
(b) P#+4-p—Sits4He'+(1.909::0.0135) Revit
(c) Si*+d—sSi?+ p(6.245£0.007) Mev?
(d) 2d—He'+(23.8344-0.007) Mev"?

Q=(2d—He')—1.90% Mev—6.246 Mev—12.37 Mev
=3.31+0.20 Mev

IL  (a) Sif4d—Sit04 p+ (R 38200.013) Mev®
(b) PRSI0 4 (4.52:4:0.35) Mev's
(© #5p+(0.7820.001) Mev®

Q=(p—n)—4.52 Mev+8.388 Mev
=3.0940.35 Mev

A weighted average of resulis T and IT is 3.2540.18 Mev.

(I;SIIJ)i’ Whaling, Fowler, ard Lauritscn, Phys. Rev. 83, 312
13 McElbinney, Hanson, Recker, Duffield, and Diven, Phys.
Rev. 75, 542 (1949).
1 A, Katz and L. Penfold, Phys. Rev. 81, 815 (1951).
3 D. M. Van Patter and P. M. Endt, preliminary value.
18 C. Magnan, Ann. phys. 18§, 5 (1941).

CHATTERJER,

AND VAN PATTER

case

e Reaction SEHI)PH--In the of the reaction
Sito(d,wy P+, precise estimates of ihe encigy release can be made

by two independent methods.
L () °1ﬂ-' +d—Si# - p-+ (4.367£0.010) Mev?
(b) Sl“-rP51+(1 51:4£0.01) Mev??

(c) u—>p+(0 782-£0.001) Mev2

0= (p~n)-+4.367 Mev-4-1.51 WMev
= 5.095:0.015 Mev

1L, (a) Si®-d—oSi¥+ 54 (8.388:0.013) Mevs
(b} Sift-d—Si04- 54 (65,246-0.607) Mev?
(c) PR p—-Sitt-Hel (1.90520.015) pevis
(d) d—p+n—(2.22531N.002) Mev!s
(e} 2d—He*+4(23.834+0.007) Mev2
Q={2d—He" )+ (d~n--p)—6.246 Mev
: —8.388 Mev—1.909 Mev
=5.0660.022 Mev

An arithmetical average of the results of I and II is 5.08=0.02
Mev.

The foregoing calculated valuss are listed in Tsble AT of this
Appendix together with values estimated from a table of binding
energies recently computed by Wapstra.!® The agreement between
these values is not surprising, because Wapstra’s binding energies
are based to a large extent upcn nuelsar Q-values.

It may be seen from this table that the observed Q-value for
the reaction Si**{d,n) P® is in agreement with other measurements,
and, in fact, establishes the mass of P* with greater precision
than was previously possible. The observed energy release,
4924004 Mecv, for the reaction Si®(ds)P¥ is somewhat lower
than the more accurate predicted value of 5.084£0.02 Mev;
however, it seems probable that the ground-state group of the
reaction has been observed. In the case of Si**(dm)P?, the ob-
served energy release of 0.294.0.04 Mev is in disiinct disagreement
with the estimated value of 0.81::0.07 Mev. This discrepancy
can be attributed to either an inaccuracy in Ehe early measure-

ment! of the end point of the transition P"E»Si” or to the fact
that the ground state of the reaction Si*®(d,»)P¥ has not been
observed in the measurements of the present paper.

17 H, W. Newson, Phys. Rev. 51, 624 (1937).
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The trajeclories of an electron with zero canonical angular momentum (p,~(erA,/c)=0) have Leen
compuied wiih ilnid-order accuracy for a 1/(1-+x%) axiul field shape. By suitably matching the above solu-
lions with a set of similar solutions obtained by shifting the origin, it is possible to obiain the complete zero
canonical angular momentum trajectories correstonding to the double lens problem in which the axial fheld
shape approximates rather closely one that is physically realizable. The numerical computations illustrate
several typical trajectories. Design considerations are given to illusirate the utility and limitations of the

theory.

INTRODUCTION

T is of interest to consider the electron trajectories
in a magnetic field whose variation along the axis is
given by two juxtaposed sections of a 1/(142?) distri-
bution since it may be shown that the actual axial field
distribution of a double lens spectrometer (Fig. 1) may
be approximated by the above double bell-shaped field
(Fig. 2 and Table 1),

The motion of an electron in an axially symmetric
magnetic field has been discussed by Zworykin; et al!
who showed that for the case of zero canonical angula.r
momentum the equation of the radial compcnent of the
trajectory is

d% 1704, dpod,?
(Aoz—A‘,»Z\ 1 ( —_— ) .
ldzz l 2\ 0p dz 9z

[+

.
w

/“\

d")gl 0

GZ

w‘nere p is the radial distance, z is the axial distance, 4,

c tho vartnr notential nf tha rp':gnp"!r‘ ﬁ""‘, and 4. isa

15 tne vecior FyYseiitiaa L34y 8 10 - =

constant equal to the uniform field (Hp) value of an
electron of energy e®. If the relativistic mass variation
is taken into account, it may be shown that

Ao= Qmec®®/ e+ D)L 2}

7
and Jocation ui ihe two
identical coils used in the double lens spectrometer. The dimen-

F1G. 1. General size, cross section,
sions arc as follows: ,=8.36 in., «a=17 5 in , [=9.125 in,, and
D=530in. Other similar desngns may bc obtained b) mulupl\. ing
all distances by a constant facior.

* Assisted by the joint program of the ONR and AEC.
' Zworykin, et al., Eleciron Optics and the Eletiron Microscope
(fnnn \.\.llm and \nn: Tnec . Wew Vnrk\ l‘\ 504 )

The azimuthal motion may be derived from the radial
motion through the equation:

d do 273}
,rf=A,,[1+(—") ] [Ai-42F, @)
dz

dp

where ¢ designates the azimuth angle.
The vector potential A4, may be expanded in powers
of p as

Ao=3pH ()~ 35 B (@) +(1/389)p H G A4, (4)

where H(z) is the field on the axis.

Agnew and Anderson?® have given a special case of the
first-order or paraxial trajectories in the double bell-
shaped field to be considered here. These first-order
calculations are the result of linearizing Eq. (1) for
small values of o. Because of this linearity, their tra-
jectories do not include the concept of a ring focus which
is esseniially a nonlinear phenomenon. Since a third-
order calculation includes a first approximatioa of the
nonlinearity involved in Eq. (1), the following third
order calculations g1ve an 1mproved notion of the nature
of the trajectories in the doubie beli-shaped axiai fieid.
For the range of initial angles under consideration, 0°
to 40°, it is reasonable tc suppose that the trajectories
resulting from this third-order calculation are not
greatly at variance with the exact trajectories in the
double bell-shaped field. No estimate of the fifth-order
calculations are given because of their complexity.
Furthermore, since it is intended that the double lens
spectrometer field trajectories are to be approximated
by those of the double bell-shaped field and since the
actual double lens axial field is only approximately given
by the double beii-shaped fieid, there is 2dded justifica-
tion for not considering an approximation beyord the
tiird order.

In particular, since an electron starting out on the axis
must necessarily have zero canonical angular mo-
mentum, the traJectones will be arranged so that only
the focusmg of a point source of electrons oit the axis
will be considered. The focusing of a point source oﬁ
axis, in general, requires a consideration of all values

2H. M. Agnew and H. L. Anderson, Rev. Sci. Instr. 20, 869
(1949).
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Tanrg 1. Axial magnetic feld of coils shov'n in Fig 1.

:  0.00 4.00 300 1200 16.00 20060 2400
1630 0898 0655 Girvy 0359 0220 0178

: 280 32.0 stu 0.0 4.0 480 52.0
0.170  0.1%  G.269 0.602 ©£338 0490

0.380

the canonical angular momentum constant. One might
choose to ask how the zero canonical angular mo-
mentum trajectories associated with the off axis point
source behave and, in this manner, get some idea of the
nature nf the focusing of these points. We have chosen
to omit this consideration.

Finally by replacing A, in £q. (1) by the series ex-
pansion given by Egq. (4) and subsequently approxi-
mating Eq. (1) in such a manner that only the terms in
p and dp/dz up to and including the third power appear,
a differential equation will result which will give the
third-order radial trajectories as distinct from the first-
order or paraxial trajectories.

SINGLE BELL-SHAPED FIELD TRAJECTORIES

As already discussed, the bell-shaped field used will be
taken as

H(z)=Ho/(1+7"/c%). ©)
For convenience the following symbols are introduced:

g=the half-breadth at half-maximum of the axial
magnetic fieid distribution,

Hy=the maximum value of the axial magnetic field,
y=the radial coordinate of the electron in units of g,
x=thc axial covrdinate of ibe eleciron i uniws of a,
e=the angular displacement of the electron around

the ax1s,

heetho o
n

-l -~ J R S
wad a.zuaj magict u. ﬁch 1 UIIs ()f Ho.

In addicion, a measure of the strength of the magnetic
field relative to the momentum of the electron is defined
as:

k= aHo/ZA 0- (6)

Equation (1), in the approximation being considered,
becomes

¥ Ry = (BhE" )2 — ki) ys+ Bhi'y's — BR(y Yy, (T)

where the prime designates a derivative with respect to x
and

h=1/(1+42%).
To solve Eq. (7) let
y= AP+ uQ4+NRANuS+A* T+ u?U. (8)

The paraxial or first-order solution would result from
assuming that only the first two terms were present.
Substituting Eq. (8) into Fq (7) gives the following

PSR-
linear Pqt_af‘()“‘ upen equatmg the cocfficients of similar

NS SPLEC

TROMYETER

terins in A and g

a=0

(9)
(10)

PULREIP=0 with P20, P'=1 at ,
0" k0-=0 with Q=1, Q'-=0 at x-<0,
R'E2R2R == (B2 - k4h) P?

LB PP — BPRE(P)2P
0 at =0, (11

with R=R'=
" k23S = 3k k' — 2R2AHPH)/2
+RANQQPP T P
—~ BR[Q(P')42PQ P’
with S=.5"=0 at x=0,
T+ RR2T = 3k%(his' — 2R*B4)Q*P/2
+ kiR (2PQQ Q' P’)
—BRLPQY+200'P']
with T=T"=0 at x=0,
U+ b330 = k2" — 262h4)Q%/2
RO~ BR(Q)Q
with U=U'=0 at x=0. (i4)

(12)

(13)

The conditions at x=0 were chosen in order that
A=9dy/dx, and u=7y at x=0. This makes the functions
(0, S, U) cven in x and the functions (P, R, T) odd in x.

To solve Eqgs. (9)-(14) it is convenient to introduce
fhn unﬂnkln A ﬂnrnnnh flne raln ¢

A\.u,sl,lulx

x=tand. (15)
Equatisns (9) and (19) arc n.a.u}:y SG}‘v'cd, the solutioiis
being given in Egs. (20) and (21). Substituting these
T T { T 3 L 4
1= / -
[-]
2 9
< T / \
y
=
x
2
X
o
z
»x
o«
- ——=- CORR FELD
-~ L AhRoxiMATE gL
1 . 1 L -t 1 L
=10 ] 10 0 3o 40 20 80

ANIAL DISTANCE (INCHES)

Tic. 2. Axial magnetic fields. (a) From — o <x<2.5,
a=1/(142%, from2.5<x< w0, A== 1/[14(x—2. 5)'] (b} I\/'agnetw
field, normhzed {0 unity at x——O calculated for the coils shown in
Fig. 1 usin uations in ueuuch Elliott, and Evans, Rev. Sci.
Instr. 15, 1 8%1944) The coil separation is set at 5q, to coincide
with (a). "For the best fit with the coils shown in Fig. 1, the scale
facior @ was taken to be 10.60 in.
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solutions into Eqgs. (11)-(14) and defining #=: R cosd,
s=2.5 cos8, 1 T cosd, w1 cosb gives:

d% .
<A (B
dn?
k?
= e — (- c0828) sin(14-£%) 10
2(i+4- 22)8 3
k?
—_— sin20(cos(i-+42)%0
2(14+-k2)
—co33(14 &%), (i6)
dss
—+(1+4)s
46
k‘z
= —-—2—(1+c0320) cos(14-43)¥
k2
~——~— sin2@{sin(i-1- £3)10
2(1-+k%)4
—3sin3(14-25)16), (17)
a4
—-(1+R%)
agt
k(14 R4
= ————(14-c0s20) sin(1+&%)18
B
-——2- sin26(cos(1+k)40+3 cos3(1+k)4), (18)
d*u
—+(1+k%)u
de?
2 2
= ——M(l+»6529) cos(1-4- 254
5
k(14 k2
4—-———=in26(sin(1-+ %2)10
(19)

+sin3(14%%)%6).

ADAL BisTANCE(Y)
»
r

o

vig-

]
-1

2 3
AKIAL CISTARIE (X)

Fic. 3. Complete trajectonies in the double bell-shaped axial
magnetic Seld for 2=2 and k=3 each with x,=0 and for #*=1

waih a.— —1 O3
Wil % L),

SNOWDON
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It will be noticed that an even operator acts on the
functions (r, s, t, #) to producc either even or odd
functions. In these cases it can be shown that the
paiticular integrals may be chosen to have the sym-
metry «f the inhomogeneous part of the equation.
Complementary solutions, Eqs. (20) and (21), then are
added to allow the conditions at 6= 0 to be saiisficd. By
assuming the form of the particular integral, the
coefficients may be determired by substitution into the
differential equation. A check on the resuiting solution
was obtained by using the fact that the differential
operator is self-adieint, thus allowing the comple-
mentary solutions to be used as integrating factors in
solving the equations by dircct integration. The results
are:

sin{14%2)'9 o
P=——r0 ’ (ZU)
(14 &%)} cost

cos(14-%%)¥0

1)

cosf
1
R=
8(14 k) (4k*+ 3) cost
X {28314 8254 (442-3)8 cos(1+4%)*9

— (16k4- 1724 3) sin(1+£2)¥6}
' 3 cos20
'8 (14 k2)3{4k2+3)
sin26
+
8(1+ k%) (4k2+3) cosb
X {k2(4k%+ 3) cos(1+k¥)a
— (2k2+3) cos3(1+k2)i8},

sin3(1-k2)4p

cosf

(22)

-1
5=
(14 B4R 3 cosd

X {2k2(4k*4-3)6 sin{1+ k%) 46

9 cos2f
+9(' + k) cos(14- kDY +——— —
8(4%%+3) cosb
sin2é

-cos3(14 k) —— -
8{14&2)¥(4k*+ 3) cosh

X {EX{48+ 3) sin(14-£2)10

—3(2k24-3) sin3(i+ &%)}, (23)
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S{14-£2)H(4k2+ 3) cosb
X 282(1-}- kD) H(4k% 1 3)0 cos(14- %)W
— (16%5— 352—0) sin(1-4 k)43
9(1-+ k¥ cos20

e sin3 (1 &%)
8(4k2+3) cost

29 _
____{ka(4k2,1 ) COS(1-|- 1.2\6

. +3(2k2+3) cos3(1+£2)%0}, (24)

U=— _ﬁj’_l‘_{ 2U2(4h2+3)0 sin(1+£2)4
8(4%%4-3) cosb
3(14 %) cos26
8(451+3) cosh
(14 k)t sin26
8(4k%+3) cosé
X { B2(46243) sin(1-+ k%)
+(2k2+4-3) sin3(1-}-£2)18}.

—3(1+ %) cos(1+ k2)8} —

-cos3(i-}A?) 10—

(28)

Equations (20)-(25) together with Eqs. (8) and (15)
constitute the complete third-order solution of the
trajectories of the bell-shaped field. For a given &, a
trajectory is defined by the number pair (A1, 1) where A
and u, are, respectively, the particular choices of the
slope and value of the trajectory at the origin. An
alternative designation of the trajectories may be made
using the number pair (X, z:) where z: is the initial
position of the electron starting out on the axis and A
is the corresponding slope at %,. o convert from (\; x))
to (A1, p1) it is necessary to solve the pair of equations:

SACSATTE LD (26)

This will give Ai{(A, x1) and i}, x;) which may be
inserted inte Eq. (8) for the number pair (A, z) to give
the trajectory beginning 2t x=x, y=0 with a slope A.
The simple beli-shaped field trajectories, of course, do
not form as close an approximation to the artual single
coil trajectories as do the double bell-shaped field
trajectories to the actual double coil trajectories. For
this reason, it is not pussibie to check the singie lens
solution with the careful single lens computations of
Keller, Koenigsbherg, and Paskin.?

Al w; 20)=0;

DOUBLE BELL-SHAPED FIELD TRAJECTORIES

If the center of the first coil (see Fig. 1) isat x=0and
the center of the second coil is at x=2x,, then let region
I be defined by — = <x<ap and region II be defined by

B J. M. Keller, E. Koenigsberg, and A. Paskin, Rev. Sci. Instr,

21, 713 (1950).
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FiG. 4. Cumpicic irajectories in the double hell-shaped axial
magnetic field for $2=0.75 with »,=—1.030 and »; =068}
Dotied lines indicate position of coils.

p<x< «, For the same £ in each region (same ampere-
L1rns in each coil), let the radial trajectory be designaied
in region I by y1=v(% Ay, uy;x) and in region II by
== 3(2, A, uz; x—2%). The conditions for smooth
matching of the trajectories at x=1x, may be stated as:

¥k, N1, pa; %o) =y(k, e, p2; — o), (27}
and

y'(k, A1, n1; x0) =y (k, Ao, a; — o). (28)

For a fixed k and xp it Is desired to know Ay and us in
terms of A; and u;. Then, since the solution of Eq. {26)
gives A1 and pu; in terms of X and =xy, it is possible to
obtain \; and . in terms of A and x;. Thus, one picks a
value x; where the electron starts out on the axis with a
slope A. From this, A1, g1, Ase, p2 may be determined by
solving Egs. (26)-(28). By the use of Egs. (8}, (13}, and
{20)~(25) the complete trajectory may be drawn.

The sample trajectories are drawn for #2=0.75 with
9= — 1.030and —0.684, for £*= 1.000 with x;= — 1.030,
and for k2= 2.000 and 3.000 each with x;=0.000. In each
case the value of xo was taken to be 2.500. The values of
the initial slope A range from G.100 to 0.8060. Table III
gives the results of a graphical solution of Eqgs. (26),
(27) and (28). By using the tabulated values of the
functions (P, Q, R, 8, 7, V) in Table 1I, it then is
possible to construct the complete trajectories (Table IV
and Figs. 3 and 4.

Discussion

An examination of the trajectories in Figs. 3 and 4
shows that some cases do not display suitable ring foci.
This situation arose because it was not known a priori
what values of £* and x; to chocse before starting the
calculation. The trajectories for 22=2 and 3 with x,=0
were calculated first because the computations are
considerably reduced if x; is set equal to zero. For £°==3
the trajectories between A=0.5 and 0.7 come to a good
focus ai x=5.23, y= —0.12. For k=2 the trajuctories
between A=0.4 and 0.7 come to a reasonably good focus

o
at x=4. 1, )=O 48, A valuc of £

g et

a4 2
3oMmewiial NCarcr (o 5
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S50

%2
co
b

WhOoN

Tanrr 1. Furctions used i1 computing trajectories. The derivatives were calculated by taking the derivaltive

of the functions rather than by using differences. Differences

not shown gave rough check.

0 3 P Q
k2 0750 1.G30 2.C00 3.000 0.750 jRESU 2. U(iﬂ 3.000
0.000 0.690 0.000 0.000 0.000 0.000 1.0060 1.C30 1.0 1.000
0.200 0.203 0.202 0.201 0200 0.199 0 985 0.980) 0.960 0.940
04350 0.423 0414 0.411 0404 0.386 0.037 0.917 0.835 0 737
0.600 C.684 0.653 0.643 0.603 0.5035 U.830 0.801 (0.614 0,430
0.8C0 1.030 0.94 0919 0.815 0.717 0164 G.o010 0.264 --0.042
1.600 1.557 1.35¢ 1.203 1.083 0842 0481 0,280 --0.297 --0.770
1.100 1.9A5 1.633 1.550 1.202 0.891 0.254 0.034 --0.724 —1.297
1.190 2.498 2.034 1.890 1.370 0.928 —0.009 - {1.301 —1.267 - 1.947
a x Fad o
0.600 0.684 0.883 —0 331
0.800 1.030 0.814 0.785 0.535 0228 —~0.451 —0.587 —1.054 -1414
1.190 2198 0.701 0.611 0.298 0.051 —0.495 —0.626 —1.005 —1.185
] x R S
k? 0.750 1.000 2.000 3.000 0.750 1.000 2.000 3.000
0.000 0.000 0.000 1.000 0.000 0.000 0.000 0.000 0.000 0.000
0.200 0.203 —0.001 —0.001 —0.003 —0.004 —~0.016 —0.030 —0.042 -0.621
0.400 0.423 —0.010 —0.013 -0.024 —0.035 -=0.071 —0.094 —0.181 —0.261
0.600 J.684 -0.037 —0.049 -0.091 —-0.129 —-{(.184 —-0.238 —0.425 —0.570
0.800 1.030 —0.104 —0.134 -0.234 —0.308 —0.365 —0.458 —0.722 —0.857
1.000 [.557 —-0.241 —0.298 —0.483 —0.585 —0.621 —0.745 -0.979 —0.969
1.100 [.965 —0.357 —0.442 —0.668 -0.770 —0.788 —0919 —-1.074 -0.938
1.190 2,498 -0.510 —-0.623 —0.894 ~-0.985 —~0.982 —1.112 —1.146 —0.861
[4 x R S’
0.600 0.684 —0.147 —-0.496
0.800 1.030 —0.230 —0.289 —0.460 —-0.549 ~~0.525 -0.617 —-0.707 -0.530
1.150 2.498 —0.287 -0.337 —-0.407 —0.380 —0.345 —0.338 --0.105 0.159
8 = T U
7 0730 1.000 2.000 2,000 0.750 1.000 2.000 2000
0.000 0.000 0.6 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.2¢0 0,203 —0.005 —0.005 —0.018 —0.026 —-0.026 —0.039 —0.116 —-0.231
0.400 3423 -=0.039 —0.052 —0.114 —0.184 —0.096 —0.145 —0.426 -0.834
0.600 0.684 —-0.105 —-0.139 —-0.279 -0.440 —0.197 —0.298 -~0.860 —1.847
0.800 1.030 —0.188 —0.242 —0.469 —-0772 —0.128 —0.491 —-1.396 —2.587
1.000 1.537 —0274 —0.348 —0.737 —1.392 —0.501 —0.757 —-2.090 —3.605
1.100 1.965 —034 —0.415 —0.978 —1.958 ~-0.630 —0.950 —2.543 —4.112
1.1%0 2198 —0.383 ~0.504 —1.329 —2.7122 ~0.793 —1.193 —-3.061 —4.553
[} x T U’
0.600 0.684 —=0.267 —0.388
0.800 1.030 -0.205 —.250 -—0.495 —1.008 ~0.352 —0.532 —1.452 —2.404
1.190 2.498 ~0.114 —0.171 —0.680 —1.427 —0303 —0.448 —0913 —0.669

than 2 would undoubtedly give a good point focus on the
axis since, at the focus, y is negaiive for £*=3 and
positive for =2,

It was then realized that rather a large power
dissipation in the coils would result from using these
trajectories since the magnetic field from r=—o te
#=0and fromx=35 to x= e« isnot utilized. For example,
if k=23 is used, about 200 kw would be needed to focus

. . o
2 12-Mev electron. To remedy this, the trajectories for

k=1 and ;= —1.030 (6;= —0.800) were comnuted. :

rather poor focus of the trajectories between A=10.1 and
0.33 was obtained at x=4.2, y==0.05. In order to include
the higher angle trajectories in the focus, a lower value
of £2=0.75 was tried with the same x,=—1.030. The
situation improved somewhat, a rather poor focus heing
obtained for the trajectories between A=0.1 and 0.4 at
r= 5 7 y 0 Oa Keepmg the same value of 52-—0 75, the

A L.
U.UG; \Ul - _'U UU”}. Fa RN EISYY
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TasLe UII. Matching conditions for the varicus tvajectories with xe:22.500. In the cases wheore 2150 the values of Ay and 44 ave casily
determined to be A=\, and py=0.

K=0030 5= 0.6084 £i=0.750; «, = —-1.030
X Ay m As ne A A m ¥ uy

0.100 0.085 0.065 -~1).088 0174 0,160 0.070 0.095 --0.970 0.101
0.200 0.169 0.130 —0.191 0.332 0.260 0.138 0.189 -0.138 0.183
0. 300 0.251 0.196 --0.310 0.438 0.300 0.202 0 282 -0.195 0.229
0400 0330 0.269 --0.469 0.5 0.400 0.266 0.373 --0.232 (1.229
0.3G) 0.406 0.323 <0019 0.571 0.569 G 30 0.46 4 0,240 0.169
0.600 0478 0.386 —10.705 0.569 0.600 0.355 0.553 --0.226 0.056
0.7G3 0.545 0.440 —0.675 G.532

0.800 0,008 0.305 —0.582 0.403

2 =2.600 k¥ =3,000
k3 =1.0%); x1=—1.030 x1 =(.000 x1 =0.000
A A1 m Az M X s 2 A Az n
0.100 0.061 0.092 —0.044 0.609 0.200 —-0.393 0.138 0.200 —0.231 0.012
0.220 0.129 0.201 --0.088 0.000 0.300 —0.686 0.134 0.360 —0.325 0.008
0.330 0.185 0.299 -0.100 —0.052 (.400 —0.969 0.010 0.400 —0.381 ~0.005
0.440 0.231 0.396 —=0.073 ~0.169 0.500 —1.092 —0.089 0.500 —0.381 ~--0,021
0.560 0.267 0,498 0.024 -0.362 0.600 —1.113 —-0.132 0.600 -0.319 ~0.040
0.670 0.287 0.590 0.287 —-0.590 0.760 - 1.080 —0.127 0.700 —0.186 -0.074
0.800 -0.985 —0.063

focus for the trajectories between A=0.4 and 0.7 was
obtained at x=4.95, y=0.55. From the manner in which
the trajectories seemed to he <hifting with #2 and z) a
slightly better focus would probably occur for ¥#2=1and
r.=—0.547 (8= —0.500), however, it was felt that the
small improvements iiat would occur might e nullified
by the inexactness of the theory so that further compu-
tations werc not carried out. The chief result, apart
from an understandmg of the nature of the trajectories,

1s that the max:mum radial ezcursion of the usable

YT S BEY P V-,
CchllUu LL(LJ\.,L,LU.Lu,.: 15 “ms.x—v o oiid fnat nis occure

at x=4.0 assuming that the trajectories for #2=0.75 and
x=—0. 685 are adopted. It should be noted that the

A~
inside diameter of the coils cccurs at 0,788 as may be

seen from the next section. Therefors, the latt‘.r
trajectories are somewhat outside the minimum radius
that the vacuum chamber is allowed to have. However,
in view of small experimental changes that may be made
in the choice of 22 and =, it is believed that an adequate
design may now be formulated.

DOUBLE LENS SPECTROMETER

In order that the theory of the hellshaped field
trajectories shall be a reasonable approximation to the

This gave a cross section for the coil of 9.125 in. by
9.140 in. The inside diameter was taken to be 8.360 in,
Figure 2 shows that the actual field could be ap-
proximated by the double bell-shaped field if the
separation between the coils were taken as 53.0 in. Since
the dimensionless measure of the coil separation was
taken to be 5.000, this required that tie unit of distance,
¢, be taken as 10.6 in. Thus, in Fig. 4 all the dimension-
less measures of distance should be multiplied by 10.6in.
to give the actual disiances in inches. If a design using
3000 amn/in? ac the maximum allowable current
density is under consideration, then the power con-
sumption in the coils is 160 kw total, and the maximum
energy electron that may be focused is about 22 Mev,
The value of H;=4700 gaussand the value of 4,=72,400
gauss-cm.

If one were to consider a design where 10 Mev is the
maximum election energy, and where a more conserva-
tive value of 2000 amps/in.? is taken for the maximum
allowable current density, then all the above dimension-
less considerations hold ; it is only necessary to find the
new unit of distance, a. Letting primes designate the
values in the previous example, it may be shown that:

actual trajectories in a double lens spectrometer, it is (e/a')=kj Ao/ k' jA, (29)
necessary that the actual coil configuration shall give a . . .

field along the axis that rather closely approximates the and if P designates the total power consumption,

double bell-shaped field. Figure 2 shows that this may be P/P’= 203/ 20", (30)

done. The first coil design that was under consideration
was to he made using 2.000-in.X<0.0623-in. copper bus
har for the current carrving eiement and 0.373 in. sq
copper tubing for the cooling. There were to be 4 copper
hus coils of 126 turns using 0.016-in. insulaticn and 3-sq
copoer tubing spirals sandwiched between for cooling.
Two additional cooling coils were then to be placed on
the outside.

For the new example, 7/7'=3%, and since Aq.=34,600
gauss-cm for a 10-Mev electron, A4/ A" =:0.478. There-
fore, u=0.85¢"=9.0 in. and the power reguired is
P=(2/3)"%(0.85)*X 160=43 kw. This figure is about a
factor of two higher than that required by a comparable
uniform field design but might be bettered soraewhat if

of the raapmc -
more o1 tne magnet ic ficld bey ond =3 were utilized
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TasiLe IV. Complete trajectories for -
eqml zero exacth (ie.. x==-

2.5G0. Tho arcors i ineplesd in tha nnln H

-0.684, #=:0.75, and X

SNOWRON g84

¢ indicated by the facr thai some entrics 4o nou
00, =075 rdx-«l(}“ﬂ)

i —-‘ﬁ!

‘.\\\X ~1.030 —~0.584% ~.423 - . 2038 [VXT]14] 0.203 0 0.684 1030 V.35, 1.963
b ~0 / 5
0.100 0000 0026 ©O047 0065 GOS8l 0095 0111 0126 0141 0.136
0.200 0000 0052 0094 0130 0162 0191 0219 0248 0283 0305
0.300 0000 0078 01342 0196 0243 0285 0325 0364 0411 0442
0.400 000K 0104 0188 0260 0321 0375 0424 0471 0524 0559
0.500 0.000 0.136 0.235 0.323 (1.398 0,462 0.516 0.566 0.620 0.653
¢ 0.600 0000 0156 0282 038 0475 0544 0601 0618 0691 072
0.760 — 002 a0 D323 Q.14 HGE S v.620 0.675 0,715 0.740 0,764
0.800 0000 0208 0374 05% 0617 0695 0744 0769 0775  0.J73
B=075 ) -
0.100 0.300 0.035 0.060 0.G78 0.095 0.108 0.118 0.126 0.133 0.137 0.139
0.200 0.600 0.069 0.119 0.158 0.189 0.213 0.233 0.245 0.258 0.205 0.266
0.300 0.600 0.103 0.178 0.236 0.282 0.317 0.344 0.363 0.374 Q.377 0374
0.400 (.000 0.137 0.238 0.314 0.373 0.418 0.449 0.467 0474 0.466 0.434
0.500 0.000 0.172 0.296 0.391 0.464 0.516 0.548 0.561 0.535 0.528 0.501
0.600 —0.002 0.205 0.355 0.469 0.553 0.611 0.610 0.643 0.620 0.564 0.516
k1= 1.000
0.1G0 0.000 0.034 0.059 0.078 0.092 0.102 0.109 2112 0.111 G.104 0.093
0.220 0.000 0.076 0.130 0.171 0.201 0.223 0.236 0.240 0.235 0.214 0,195
0.330 0.000 0,113 0.194 0.255 0.299 0.329 G.345 0 346 0.330 0.290 0.254
0.440 0.000 0.154 0.260 0.339 0.396 0.430 0443 0.433 0.403 0.334 0.274
0.560 0.000 0.192 0.329 0429 0.498 0.530 0.542 0.516 0.454 0.340 0.247
0.670 0.00t 0.231 0.394 0.512 0.5390 0.626 0.619 0.569 0.473 0.307 0.175
42=2,000
0,265 0.0n0 0.040 0.080 0.120 0.161 0.207 0.235
0.300 0.000 0.000 0.119 0.178 0.237 0.302 0.341
0.400 0.000 2.080 0.159 0.235 0.311 0.391 0.438
0.500 0.000 0.100 0.197 0.200 0.378 0.467 0.518
0.600 0000 0119 0235 0342 0438 0529 0577
0.700 0000 0139 0272 0391 0490 0573  0.613
0.800 1).000 0.159 0, 308 0.436 0.532 0.597 0.620
k?=3.000
0.2000 0.000 G.040 0.078 0.112 0.141 0.164 0.172
£.3000 0,000 0,080 0116 0.166 0,207 0227 0.247
0.4000 0.000 0.079 0.i34 0.2i8 0.267 0.209 0.307
G.5000 0.600 0.099 .G.150 0.260 0.320 0.348 0.349
0.6000 0.000 0.118 0.226 0.311 0.364 0.379 0.368
8;% 0.000 0.138 0.261 0.351 0.397 0.388 0.360

This would mean an investigation of the trajectories for
somewhat lower values of X and &2 for various values of
2 to see if a suitable ring focus could be obtained at
x>5.0.

As a compensation for this higher power figure, it may
be shown that the resolution of the double lens spec-
trometer is about eight times that of the uniform field
type for the same transmission. Consider the focusing of
the rays between A==0.4 and A=0.7 (5.5 percent of =
sphere transmission). Figure 4 shows that these come to
a ring focus within a range of about 0.03 in v for £2=0.75.
Thc momentum dispersion may be estiimated as follows:
from Fig. 3 for k*=1, it may be seen that, {or the mean

trajectory (A==0. 55), y=—0.36 at x=5; Fig. 4 for
£?==0.75 gives y==0.13 at #=3. Since the ring focus wili
occur in the neighborhood of x=5, it is reasonahle to
assumne that the shifi in y for the mean trajectory at

x=15 will be about the same as for the actuai trajectories
used (i.e., those more nearly like Fig. 4 for #*=0.75 and

xy=—0, 683) The cha.nge in the radial posmon of the
ring focus for a given percentage change in the mo-
mentum then is measured by A.3p/d.1, and for the
above figures, this is 3.43¢ where, g, is the unit of
distance associated with the design. A measure of the
resolution may ie taken as this dispersion divided by
0.03¢, or 114, If the trejectories of the uniform field
spectrometer are drawn and similar estimates made, the
figure corresponding to 0.03¢ is 0.02e¢ and the figure
corresponding to 3.43a is 0.275¢. Therefore, a measure
of the momentum resolution similar to the ahove figure
is 13.8. The ratio of these two resolutions is about ecight.
The actual raiio may be somewhat smaller than this
since more of the magnetic field is utilized in the
1=1.030 trajectories than in the x;=--0.085 tra-
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2.495 3.035 3.443 3970 4.316 5377 4.797 5.600 5.203 5.423 3.684 € 030

0.171 0.185 0.194 0.203 0.204 0.169 0.189 0.174 0.153 0.126 0.089

0.333 V.39 0377 0.394 0.393 0.3835 0.364 6.332 0.287 0.228 0.150

G.478 0511 0.535 0.558 0.560 () 343 0.511 0.458 0.384 0.288 0.163

0.578 0.638 0.666 (3.695 5.095 §.672 0.622 0.542 0.434 2.29¢0 0.119

0.693 0.731 0.738 0.784 0.782 0.748 0.677 0571 0.430 0.255 0.034

1,753 0.783 0.805 0.325 0.814 0.568 0.683 0.560 0.402 0.208 -~0.03:2

0.782 0.795 0.8C5 0 808 0.787 0.736 0.651 0.532 0.382 0.108 ~0.031

0.767 0.758 0.748 0.725 0.691 0.639 0.564 0.405 0.343 0.194 0.008

0.141 0.140 0.140 0.137 0.131 0.124 0.114 0.101 0.085 0.066 0.020 0.005

0.267 0.266 0.263 0.255 0.243 0.228 0.208 0.183 0.132 Nitd 0064 —0004

0.368 0.360 0352 0.335 0.316 0.293 0.264 0.229 0.185 0.132 0064 —-0.028

0.437 0.416 0.398 0.368 0.339 0.308 0.271 0.229 0.178 0.117 0.040 —0.063
. 04863 0.422 0.388 0.338 0.296 0.256 0.215 0.169 0.118 0.059 -0.014 -0.110

0.450 0.382 0327 0.251 0.195 0.14% 0.101 0.056 0.010 —-0.041 -0.100 —0.174

0.083 0.068 0.059 0.046 0.036 0.027 0.018 0.009 0600  —0.009 -0.021 —0.0335

0.167 0.137 0.114 0.081 0.058 0.037 0.018 0.000 -0.017 —0.036 -0.057 —0.081

0.204 0.153 0.114 0.060 0.022 —0.000 —0.031 —0.052 —0.071 —0.089 ~0.106  —0.123

0.194 0.112 0049 —0034 —0.087 -0.124 —0.151 —0.169 —0.180 —0.184 ~0.180 —0.167

0119  -=0.003 —-0.098 —0.219 ~0.,201 —0.335 —0.358 —0.362 —0348 —0.31$ ~0.261 —0.17%

0000 --0.175 —0308 0473 -0.56% -0.619 —0.625 —0.590 —0.512 -0.394 ~0.231 —0.001

0.266 0.296 0.3i3 0.320 0.303 0.265 0.209 0.138

0.386 0.427 0.452 0.464 0.434 0.364 0.261 0.134

0.491 0.540 0.570 0.572 0.503 0.372 0.200 0.010

0.573 0.625 0.563 0.634 0.525 0 346 0.15z2 —0.089

0.629 0.676 0.608 0.662 0.530 0.330 0.09 -0.132

0.653 0.688 0.701 0.455 0.522 0.325 0.102 —0.127

0.636 0.653 0.653 0.665 0.494 0.336 0.137 —{.063

0.178 0.180 0.177 0.161 0.134 0.098 0.557 0.012 —~0.035 —0.081 ~-0.124

G.252 0.252 0.247 0.221 0.182 0.131 0.071 0.008 —0.058 —0.120 -0.176

0.30% 0204 0.292 0.257 0.220 0.145 0.071 —0.003 —-0.071 —0.143 —0.206

.341 0.326 0.307 0.259 0.200 0.131 0.038 -0.021 ~0.095 —0.161 -0.215

0.34 0314 0284 0.224 0.160 0.094 0.028 —0.040 —0.098 —0.152 —0.191

0.312 0.259 0213 0.137 © 0.074 0,017 —0.031 —(.074 —0.105 -0.127 ~0.134

jectories. The actual resolution of the double lens
spectroineter could ke calculated rather than esti-
mated as above, if the equaticn for the trajectories
yul &, A2(A), ue(N): x] were linearized in the region of
the ring focus. This seemed like an unreasonably long
process so was not attempted.

If a design based on the above calculations is used, it
is reasonable to suppose that the most desirable
trajectories can be made to fall within the vacuum
chamber. The exact trajectories can then be investigated
by either of two technigues. One method makes use of
the fact that a length of 0.003 in. copper wire carrying a
suitable current traces out the exact trajectory of the
electron.® A second method, desciibed by Slatis,® makes

+V. K, Ra,smussen, Jr., Cal. Inst, Tech. thesis (19507. Method
suggested by C. Y. Chao.

* H. Slatis, Arkiv. i. Mat. Astron. o. Fys. 32A, No. 20 (1945),
also H. Slatis and K. Siegbahn, P. R. 75, 1955 (1949).

use of photographic plates. Thesc methods will also
determine the trajectories of the off axis source points.
Finally, as regards the azimuthal variation, Eq. (3), it
was felt that this could be handled easily by experiment.
No calculation of «(x) was undertaken since it would
only serve to determine the rotation of the helical
baffles. A first-order estimate of this rotation may be
found in Agnew and Anderson.? This should be sufficient
since the only purpose of these baffles is tu discriminate
between electron and positrons.
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Absence of a Detectable Diurnal Variation in the
Frequency of Heavy Primaries ana Nuclear
Disintegrations at 80,000 Feet*®

o men ouan s
UGRDGN v,

McCLURE AxnD SIARTIN A. POMEBRANTZ

Bartol Research Fusndaiion of ific Franklin Tustitute,
Sworthmore, Pennsylraria

(Recelved November 1, 1951)

BALLOON-BORNE ionization chamber of the type pre-

viously employed to measure the variation of burst fre-
quency with altitude at geomagnetic latitudes 52°IN! and 69°27
has been sent aloft at night at Minneapolis, Minnescta, with the
cooperation of ONR Project Skyhook in an attempt to detect a
possible diurnal fluctuation in the intensity of the burst-preducing
radiation.

As in former flights, the instrument was calibrated by means of
a built-ip Po—« source, and was adjusted to respond to bursts of
ionization >1.0 Po~«. Our standard method of burst-telemeter-
ing and recording was used. Altitude data were supplied by General
Mills Aeronautical Research Laboratory. To maintain the in-
tenal temperature at a safe level during the night, the gondola
was wrapped in a 3-inch layer of cellulose padding and was
heated electrically by storage batteries.

According to preflight plans, the irstrument was to reach about
30,000 teet shortly after sundown and rer~ain near that level until
the following afterncon. Had this performance been realized, data
from the Minnesota flight alone would have sufficed to establish
the magnirade of the diurnal effect. Aclually, the balioon altitude
dropped rather rapidly after midnight and did not increase again
at daybreak; consequently, it was necessary to compare the night
counting rates at Minneapolis (geomag. lat. 55°N) with the cay
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Fi15. 1. Altitude v time curve (solid line) for night flight at geomagnetic
latitude 55°N and counting rates “eolid circles) obtaiaed swich icniz-ten
charmber biased to record bursts > @ Po—a. Counting rates averaged trom
four dayiime fights (dashed cusrve) at corresponding aititudes show no
significant deviations from night rates.

rates recorded at Swarthmore (geomag. lat. 32°N). The necessity
of relying on the dats from a single night fiighc ic not regarded as
a serious source of error, since variations in the data obtained
from different instruments in numerous flights at Swarthmore and
Ft. Churchill have been within the statistical uncertainties.

The latitude eflect between Swarthmore and Minneapolis for
this type of instrument is regarded as negligible in the lght of
previous measurements which have established that the daytime
burst rates are the same at 52°N and 69°N at all altitudes up to
100,000 feet.

The altitudes and burst rates recorded during the night flight
are plotted in Fig. 1. The dashed curve represents the counting
rates averaged from four daytime fights at corresponding alti-
tudes. The night counting rates are in exceilent agreement with
the day rates at all altitudes attained between sunset and sunrise,
If a diurnal variation in the burst rate exists at all, its magnitude
does not exceed the combined statistical and systematic uncer-
talnties which are estimated as =45 percent.

According to a previous analysis! of the daytime results, 37
percent of the bursts at 80,000 feet are caused by primary heavy
nuclei of charge Z> 8 and the remainder by nucleer disintegrations
occurring in the chamber walls. Excluding the possibility that the
intensities of the heavy nuclei and of tne star-preducing radiation
vary from night to day in opposite senses {an increase in one
being partially cormpensai.d by a decrease in the other), it is
concluded that the heavy nucleus intensity does not change by
more than 413 percent, nor the frequency of stars by more than
=9 percent from night to day.

Photographic emulsion results® have indicated that the diurnal
variation in the frequency of stars at balloon altitudes is smaller
than 5 percent. On the other hand, the available emulsion data
concerning heavy nuclei*~® seem to show a aighttime drop in
intensity of 50 to 70 percert below the daytime value for nuclei
with Z> 10.

If the emulsion evidence is correct on both points, the ion
chamber rates should have been 18 to 26 percent lcwer during the
night, at 80,050 .~et. Such an effect is not observed and indeed
lies considerably ou--de the rangz cf the systematic and statistical
uncertainties in the ;-<sent results,

We are grateful to M~. A. T. Bauman for the arrangement and
supervision of the balloon flight, and to the National Geographic
Society for continued support.

e Asslsted by the joint program of the ONR and AEC.
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¢]J. J. Lord and M. Schein, Phys. Rev. 80, 304 {1950).
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Some Ultvavielot

Scintillaiors™®
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iN scven earlier publications,'™ the writers have descibed the

detection of scintillations from crystals in photosensiti ve G-M
tubes. Detectable scintillations are produced when the crrstals
are irradiated by alpsz-, beta-, and gamma-rays. Simcc the
cathode response of the photon counters is peaked in the ultra-
violet, it has been necessary to prepare phosphors which would
scintillate in that region. A cons -rable number of efficient
ultraviolet scintillators bave already been reported,-¢ but a de-
tailed discussion of their emission characteristics has not been
given. The ultraviolet craissior: from several of these scintillators
has been determined in a small Hilger quartz spectrograph,
using Eastman 103a-0 plates.t Spectrograms resulting from
alphas on Ca¥,; Ma=ClAg, and MaBr-Ag are given in Fig. |
where the exposed plates are themselves reproduced. Some of
the scintillators did not give sufficient intensity for gcod photo-
graphic reproduction even after a considerable time of exposure.
Accordingly, their spectra have been drawn along with those of
the above three mentioned phosphors and are shown in Fig. 2.
The third spectrogram of Fig. 2 is that of the phosphorescence
from alphas on NaCl-Ag. To obtain this spectrum, the phiosphor
was irradiated for 1/120 of a second, allowed to decay for 1/120
sec, exposed before the slit of the spectrograph for 1/120sec, and
allowed to decey for another 1/120 sec before again being irradi-
ated. This procedure was followed for sixteen hours.

From the spectrograms presented, it is evident that efficient
ultravinlet scintillators exist ir quantity for use with scirtillation
Geiger -ounters or with photomultipliers having their peak re-
sponse in the ultraviolet. It is to be noted that the emission
spectrum of Corning ©741 glass is included among the spectro-
grams of Fig. 2. This glass is a highly efficient ultraviokt trans-
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Specirograms (drawn) of Scinlillafing Crystals

F1G. 2. Spectregrams of some ultraviolet scintiilators. Owing to
intensity problems, these speciia have been drawn.

mitter and is used in the construction of the walls of scintillation
G-M tubes. Its emission spectrum became of particular interesi
when it was found that alpha-particles could be counted by
detection in scintillation Geiger counters of ultraviolet emitted
from the glass walls themselves. For example, when 10 millicuries
of polonium were brought near a scintillation Geiger counter,
although no scintillating phosphors were present ic be bom-
barded, a counting rate of ~10% counts per minute was observed.
From the geumietry, it was extimated that this corresponded to a
detection efficiency of ~1G™* percent. When ithe same source
was housed in a bottle of ordinary soft glass and placed over an
RCA-5819 photomuitiplier tube, au even higher detection effi-
ciency was noted.
* Aaslsted by the joint program of the ONR and AEC.
C. E. Mandeville and H. Q. Albrecht, Phys. P=v. 79. 1010 (1950};
: 7 (19.,0) 80, ;2% {108 : B, 300 (1950).
+C. E. Mandeville, Nuclechics 7, No. 4, 92 (1950).
}C. E. Mandeville and 4. V. Sche:b, Nucleonics 7, Nos. 5. 34 (1950).
«H, O Albrechit and C. E. Mandeville, Phys. Rev. 81, 163 (1951).
+ These are partial spectra. Both the long and shoit wave limits

(300 AU-4500 AU) of the recorded spectrograms have been determined
to a great extent by the senzitivity of the photographic plates.
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